UNCLASSIFIED 


AD  NUMBER 


AD870828 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution:  Further  dissemination  only 
as  directed  by  Commanding  Officer,  Naval 
Training  Device  Center,  Orlando,  FL  32813; 
Apr  1970  or  higher  DoD  authority. 


AUTHORITY 


NAVTRADEVCEN  ltr,  3  Jul  1972 


THIS  PAGE  IS  UNCLASSIFIED 


fn>  %nori%L.  I 


Technical  Report:  NAVTRADEVCEN  6.1-C-0178-1 

CD 

■j  ^  REPORT  ON  RESULTS  OF 

CD  CONCEPT  FORMULATION  ACTIVITIES  FOR 

f  >. 

AN  ARMED  AIRCRAFT  QUALIFICATION  RANGE 

1 

SCORING  SYSTEM 


Wallace  W.  Brondstatter 
John  Ford 


Del  Mar  Engineering  Laboratories  and 
Booz-Allen  Applied  Research  Inc . 

Los  Angeles,  California 
Contract  N61339-69-C-0178 

April  1970 


Best  Available  Copy 


6»-e>0i7»-l 


STUlfl,  Apt-fno  AI3CKAJT  hUALI-ICATICN  PASO?  SCORING  SYSTEM 

ABSTRACT 

Thie  study  determined  the  technic.*!  feasibility  and  o?ti»:iiuu  desifrn  analysis 
for  on  Arred  Aircraft.  cualtfo  cation  Ronre  Scoring  System  in  accordance  vith 
Concept  Formulation  outlined  in  AMCR  70-30  and  system  requirements  outlined 
in  a  Small  Development  Requirement  (SDR). 

After  «n  intensive  review  and  analysis  of  the  SDR  Requirements  had  been 
completed,  a  detailed  investigation  yhs  conducted  of  all  available  "OFF-THE- 
SHELF"  scoring  ayntc-i’jt.  A  ’Trade-Off"  analysis  was  made  of  the  character¬ 
istics  of  each  of  th'ise  systems  versus  the  requirements  outlined  for  the 
optimum  scoring  syator.i  developed  by  the  revised  SDR.  A  cost  effectiveness 
effort  vas  completed,  an  Operational  Specification  was  written,  and  a 
Concept  Formulation  Report  was  prepared.  The  report  concluded  that  an 
off-the-shelf  scoring  system  using  acoustic  sensing  principles  be  further 
developed  to  meet  the  functional  requirements  of  the  optimum  system  in  order 
to  satisfy  armed  aircraft  gunnery  scoring  requirements  of  the  1970  to  1975 
tine  frame. 
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FORKHARD 


This  report  describes  tha  concept  formulation  work  perforMd  under 
MAVTRABKFCU  Contract  N61339-69-C-0178  with  Del  Mar  Engineering  Lahore tor lee 
and  Boos -Allen  Applied  Research,  Inc.  The  purpoae  of  the  study  waa  to 
provide  the  technical,  economic,  and  military  baaia  for  the  decision  to 
initiate  engineering  system  developeeent  for  a  helicopter  gunshlp  a cor lag 
range. 

The  baalc  object ivea  of  the  study  were  to  (1)  analyse  the  requlromnnta 
of  the  QA  approved  Sauill  Development  RaqvlroMnt  (SDR),  (2)  examine  existing 
scoring  aysteau  in  light  of  the  SDR,  and  (3)  propose  a  hardware  system,  re¬ 
quiring  little  reseerch  and  development,  to  neat  the  requirements.  The 
ultlauta  goal  la  a  reliable,  dependable,  and  versatile  scoring  system  that 
will  provide  instant  hit  information  to  the  attacking  helicopter  pilot 
trainee  and  instructor  pilot.  Tha  eystan  mast  perform  acceptable  regard- 
laaa  of  attack  angle  and  aximuth,  type  of  armament  aalactad,  and  type  of 
target  engaged. 

The  study  has  revealed  that  the  technology  la  not  sufficiently  at  hand 
to  Mae  all  of  tha  SDR  requirements.  Tha  moat  difficult  problem  areas  to 
solve  are  discriminating  between  tha  different  typos  of  rounds  hitting  a 
target  simultaneously,  and  providing  a  detection  system  that  does  not 
restrict  tha  attack  aegis  and  is  not  susceptible  to  damage  from  armament 
fired  into  tha  target  area. 

Two  approaches  seen  logical  at  this  time:  (1)  raavaluata  the  SDK  to 
determine  tha  minimum  aaaentlal  requirement!,  thereby  enabling  existing 
technology  to  satisfactorily  neat  tha  reduced  requirement*  or  (2)  embark 
on  a  research  and  davelopMnt  effort  to  ascertain  if  there  is  any  approach 
that  will  Mat  the  existing  requlrsMnts. 
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SECTION  I 
INTRODUCTION 

A.  G^RRAL 

A  requirement  exists  for  an  Armed  Aircraft  Qualification  Range  Scoring 
System  which  will  permit  the  recording  of  hits  and  near-niases  on  ground 
targets  at  a  central  location  renote  from  a  firing  area.  Numerous  attempts 
by  industry,  both  domestic  and  foreign,  have  been  made  to  meet  this  need. 
None  have  fultilleu  aut  .he  requirement?  of  the  optimum  scoring  system. 

This  study  has  investigated  all  known  scoring  systems,  applied  those  compo¬ 
nents  to  the  optimum  system  needs  and  recommends  development  or  augmentation 
of  existing  hardware  and  methods  of  application  to  provide  a  scoring  system 
adequate  to  accomplish  its  goals  without  need  for  invention  or  scientific 
advances.  In  consonance  with  policy,  prior  to  initiating  work  on  system 
development,  this  study  was  directed  to  insure  that  the  following  system 
prerequisites  had  been  met. 

1.  '  PREREQUISITE  1 

Engineering  rather  than  experimental  effort  is  required  and  the 
technology  reeded  la  sufficiently  in  hand. 

2.  PRERECUT SITS  2 

The  mission  and  performance  envelopes  are  defined. 

3.  PREREQUISITE  3 

The  test  technical  approaches  have  been  selected. 

U.  PREREQUISITE  k 

A  thorough  trade-off  analysis  has  been  made. 

5.  PREREQUISITE  5 

The  cost ■ effectiveness  of  the  proposed  system  has  been  determined 
to  he  fa /enable  In  relationship  to  the  cost  effectiveness  of  competing 
Items  on  a  OCD-vide  basis, 

6.  PREREQUISITE  6 

The  cost  and  schedule  estimates  are  credible  and  acceptable. 

The  Study  Tasks  were  developed  so  that  all  necessary  prerequiaite 
requirements  were  fulfilled. 


KAVTRAD2VCEN  69-C-017&-I 
SECTION  II 

'  SIAX&ffiNT  OP  THE  PROBLEM 


A.  OCTRRAL 

The  objective  of  the  study  la  to  deteralne  the  technical  feasibility 
•a  veil  aa  the  economic  and  military  conolderatlnna  for  the  development  of 
an  Armed  Aircraft  Qualification  Range  Scoring  System.  This  system  should 
accurately  provide  both  hit  and  mlaa  data  to  an  airborne  gunner  trainee 
immediately  followin'’  hi  a  training  exercise.  This  tinelv  Information  would 
allow  corrective  action  to  be  taken  before  his  next  firing  pass.  Informa¬ 
tion  needed  to  Improve  bla  gunnery  techniques  la  vector  data,  l.e.  over- 
ahort-left  or  right.  In  soleetlng  systems  and  scoring  hardware,  only 
state-of-the-art  hardware  and  techniques  should  be  used  with  little  or  no 
Invention  or  scientific  advances  required. 

B.  D?:mrrncrr  of  t?ie  problem 

"A  Study  Outline  for  Armed  Aircraft  Qualification  Range  Scoring  system", 
JTTDC- 371- 1C6,  ProJ-ct  19'"  1,  dated  l6  February  1968  and  an  "Approved  Small 
Development  Requirement  (SOB)  for  an  Armed  Aircraft  Qualification  Range 
Scoring  System"  was  provided  as  program  guidance.  These  documents  and 
AMCR  70-30  are;  included  as  Appendix  A  to  this  report. 

C  ,  r  *  *  .  <  «  O'1 
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SSCTIGS  III 
METHOD  OF  PROCZDUFJS 


In  order  to  produce  a  properly  validated  specification  for  an  Araed 
Aircraft  Qualification  Range  Scoring  System,  eight  specific  tasks  vere 
undertaken.  These  tasks  were  accomplished  in  such  &  canner  that  all  the 
necessary  information  would  be  assembled  to  meet  the  prerequisite  require- 
of  AMCR  70-30. 


1.  Task  #1  -  Review  and  analyze  the  Snail  Development  Requirement. 

2.  Task  //2  -  Develop  iyatem  functional  analysis  and  requirements 
allocation. 

3.  Task  X: 3  -  Identify,  ar.alyge  and  develop  technical  summary  of 
applicable  off-the-shelf  systems  and  state-of-the-art  technology. 

4.  Task  A  -  Conduct  trade-off  studies  of  hardware  identified  in 
Task  #3. 


5.  Task  i‘u 3  -  Define  recommended  system  with  consideration  for 
maximum  nodular  concept  integration;  and  preparation  of  performance  speci¬ 
fication,  cost  esti~ates  and  schedules. 

6.  Task  .do  -  Identify  subsystem  and/or  hardware  areas  where  future 
development  is  required  to  optimise  the  recommended  off-the-shelf  ay stem. 


7.  Task  # 7  -  Prepare  concept  formulation  study  report. 

8.  Taau  ;*8  -  Conduct  technical  reporting  conferences. 


E. 


'}  A .*71  ATIALYi'.:-: 


;7i?':r-7,T 


This  task  involved  tr.e  review  and  understand i ng  of  the  frail  Develop¬ 
ment  Ret  : re-ent  (~~a).  To  acccrmlisr.  this,  field  visits  were  made  to 
numerous  Army  !  r.atallatitr.s,  ar.l  conferences  with  senior  Amy  svietors 
intimately  involved  m  both  individual  and  unit  gunnery  training  programs 
vere  conducted. 


The  SDP.  wes  analyzed  to  define  the  essential  and  desirable  operational 
character* sties  of  the  Q-ualification  Hangs  Scoring  System,  not  only  in  the 
light  of  scorir.-*  “/tiers  themselves,  but  also  as  the  system  is  related  to 
wessons  :/s terns.  Sfecific  comparisons  were  drawn  between  stated  SDH  require¬ 
ments  er.i  those  arising  from  aircraft  armament  subsystems,  Gove rnment  field 
activities,  and  ecu:  promt  manufacturers,  In  this  effort,  we  drew  not  only 
or.  past  ri -;.ce  with  ...c  stated  CDH  pare.me ters ,  but  also  on  the  results 
of  day-to-day  contact  with  currently  operational  scoring  systems. 
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The  cys  ten  is  to  be  used  with  targets  presenting  real-tine  projectile 
inpact  information  to  observers  located  at  a  point  renote  fron  the  range 
itself.  The  resulting  technique  vill  replace  the  current  practice  of 
counting  holes  in  a  target  panel,  vhieh  is  not  only  tedious  and  wasteful  of 
manpower,  but  also  inef factual  in  terms  of  psychological  impact  on  the 
attacking  pilot,  because  of  the  time  lapse  between  his  firing  pass  and  the 
determination  of  his  results.  It  is  apparent  that  a  real-time  score  display 
(hits  ar.d  misses)  results  in  accelerated  pilot  gunnery  training  programs  and 
qualification  exercises,  with  a  corresponding  increase  in  range  efficiency 
a  id  personnel  utilisation.  This  concept  should  manifest  itself  in  a  higher 
It vc l  of  gunner  proficiency. 

During  the  unit  training  phase  the  SDH  recognises  that  an  acceptable 
range  must  present  a  rcalitt Lie  situation  to  the  attacking  pilot,  with  respect 
both  to  the  targets  themselves  and  to  their  environment.  The  targets  must 
appear  real  in  their  representation  of  personnel,  vehicles  and  equipment, 
with  their  appearance  not  compromised  by  the  presence  of  scoring  equipment. 

All  system  elements  must  be  light  in  weight  and  readily  portable  to  facili¬ 
tate  rearrangement  of  the  tcctical  situation  on  a  given  range,  or  a  change 
in  locale,  possibly  to  a  different  range  altogether.  The  range  equipment 
must  be  operable  both  day  and  night  under  typical  world-wide  climatic  and 
terrain  conditions,  with  little  or  no  target  aite  preparation  or  equipment 
re-calibration  required. 

The  scoring  system  recommended  must  be  compatible  with  contemporary 
weaponry  such  as  gur.- propel  led  projectiles  fron  5 .  ^nm  through  30mn,  hOmra 
grenades  and  2.75"  to  6"  rockets,  primarily  inert  rounds.  Rates  of  fire  up 
to  2li,000  rounds  per  minute  can  be  expected.  With  airborne  armament  ayatems 
now  Including  a  variety  of  weapons  on  a  given  aircraft,  the  impact  detection 
system  must  change  its  response  parameters  in  a  minimum  of  tine  to  score 
the  various  projectile  : ypes  which  nay  be  fired  during  any  one  mission.  Do 
scoring  technique  should  be  selected  which  vill  prohibit  scoring  of  fore¬ 
seeable  future  air-to-ground  weapon  system  -  the  scoring  system  must  never 
restrict  the  ability  to  train. 

In  Individual  srd  unit  gunnery  qualification  roles,  the  scoring  system 
need  present  only  a  summary  of  hits  end  misses.  However,  during  training 
programs  leading  to  qualification,  it  is  necessary  to  provide  vector  Quad¬ 
rant)  information  in  addition  to  hit/niss  data.  The  CDR  recognises  that, 
in  either  role,  a  hi-h  level  of  accuracy  must  be  demonstrable  so  that  the 
pilots  undergoing  training  or  qualification  vill  accept  the  results  displayed, 
thereby  enhancing  their  progress  toward  combat  readiness. 

Preliminary  evaluation  studies  were  conducted  to  define  system  approaches, 
the  level  of  present  state-of-the-art ,  ar.d  the  risk  involved  in  establishment 
of  er.y  required  development  activity.  The  emphasis  of  this  evaluation  la 
to  interpret  the  feasibility  of  the  operational  characteristic  identified 
in  the  SDR,  end  to  assist  in  planning  implementation  of  the  other  study  tasks. 

Attached  as  Appendix  D  is  the  resulting  statement  of  understanding  of 
the  RPR,  a  lia«  of  installations  and  personnel  contacted  and  work  sheets 
vhieh  were  prepared  fron  information  gained.  At  the  completion  of  this  task, 
a  Technical  Reporting  Conference  (TRC)  vaa  conducted  and  the  results  and 
findings  discussed. 

h 
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C.  TASK  '-2  DEVELOP  S7STZM  REICH  C3AL  ANALYSIS  AID  R5PUIR3CTTS 

ALLOJATTOK 

A  system' c  function  a re  the  various  operations  which  are  expected  of 
the  system  or  any  of  its  parts  to  perform  in  order  to  ratisiy  the  defined 
mission.  The  system's  design  results  in  hardware  which  satisfactorily 
performs  these  functions  considering  maximum  personnel  safety  and  the 
expected  range  of  environmental  conditions.  An  initial  step  in  the  system 
engineering  technique  consisted  of  the  formulation  of  a  functional  analysis 
of  the  system.  Thin  functional  description  was  &  prerequisite  in  developing, 
interpreting  and  providing  standards  for  design  of  the  hardware  and  its 
interfaces. 

Functional  aspects  to  be  identified  vithin  the  functional  analysis 
include  (a)  a  description  of  the  functions,  (b)  the  sequence  of  their 
occurrences,  (c)  the  logical  arrangement  between  these  functions,  (d)  their 
hierarchy. 

The  Cmall  Development  Requirements  were  assigned  to  each  appropriate 
defined  function.  This  effort  translated  the  functions  into  design  require¬ 
ments;  and,  in  addition,  provided  guidelines  for  evaluating  the  degree  of 
acceptability  in  the  trade-off  analysis  of  the  existing  hardware  (Task  fit) 
and  hardware  development  (Task  $5). 


Attached  as  Appendix  C  ie  the  completed  Functional  Analysis  for  the 
Optimum  Armed  Aircraft  Qualification  Range  Scoring  System. 


T\1<  -'n  ID~7:T5Y,  AKALYZS  AIT)  DEVELOP  TECHNICAL  SUratAK*  0?  APPLICABLE 

Or  F -THB-S.~L.Lf'  SfJg.TIS  A.fP  STAIE-CE-THE-AST  TICiLOLGGY 


All  promising  scoring  systems  were  investigated  to  determine  their 
applicability  in  satisfying  the  demands  of  the  Small  Development  Requirement; 
that  is,  whether  they  are  suitable  to  be  used  as  the  basis  for  elements  in 
the  idealized  system  as  outlined.  This  determination  was  accomplished  by 
a  careful  parametric  analysis  of  each  technique  as  substantiated  by  field 
experience,  manufacturer's  specifications,  or  basic  system  analysis  where 
required. 


It  io  apparent  from  system  considerations  that  three  areas  of  investi¬ 
gation  exi3*.  which  wore  studies  more  or  lc3s  independently  of  each  other. 
These  are  the  nit  detection  technique  itself  (at  the  target  site),  the  data 
transrai aaien  link  and  the  display  elements.  The  study  program  for  each  of 
these  areas  is  discussed  below; 


1.  HIT  DETECTION 


The  study  was  limited  to  currently  available  non-cooperative 
(passive)  hit-dotecticn  methods  so  that  standard  cor.hat  weapons  and  projec¬ 
tiles  can  be  used  on  the  rar.ge.  The  study  was  further  limited  to  those 
techni~iu/'c  which  have  beer,  reduced  to  hardware,  preferably  production 
hardware,  f cm.  Within  these  limitation,  the  x’oilowing  techniques  were 
studied  so  determine  their  suitability  as  the  hit-detection  element  of  the 
idealized  system: 

Best  Available  Cop> 
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a.  Doppler  Radar 

b.  Pulse  Radar 

*  6  ’  c  ,  c  ,  s 

e.  Acoustic 

(1)  Amplitude 

(2)  Time-of-arrival  differential 

d.  Hit-Count  Panels 

(1)  Electrically  conductive 

(2)  Mechanically  excited. 

2.  DISPLAY 

With  the  entire  purpose  of  range  exercises  being  the  immediate 
presentation  of  desired  information  to  cognisant  personnel,  it  is  evident 
that  the  display  method  recommended  is  an  extremely  important  element  of 
the  Ideal  system.  The  study  investigated  various  displays  from  simple 
hit  counting  to  sophisticated  presentation  of  actual  misa-distances,  both 
scalar  and  vectorial,  vhich  may  demand  some  form  of  recording  or  computer 
analysis  as  a  part  of  the  data  reduction  process. 

The  following  display  (and  recording)  techniques  were  studied: 

,  c  •  -  c  ' .  r  c 

a.  Hit  counting 

b.  Miss-distance  presentation 

(1)  Round-by-round 

■  '  ,  ,  •  (,  Cm  .  c  ?  r  A  e 

c  •  -  c  c  .  •  c 

(2)  Mean  Point  of  Impact  (MPl)  1 

c.  Miss-direction  presentation 

(1)  Quadrant 

(2)  Clock 

d.  Recording  Techniques. 

Each  analysis  gave  due  consideration  to  human  factors  in  order 
that  the  information  displayed  will  be  readily  grasped  for  tinely  communi¬ 
cation  to  the  attacking  trainee  pilot.  Of  special  significance  was  the 
capability  of  the  technique  under  study  to  accomodate  the  high  fire  rate 
required  by  the  SD';. 

3.  DATA  TEA ’TJ:  fISSTCn  UNX 

A  significant  portion  of  the  proposed  study  vas  devoted  to  an 
investigation  of  data  trar.cnission  links  between  the  range  itself  sr.d  the 
display  sites.  The  systems  investigated  included,  but  were  not  necessarily 
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Halted  to,  hard-virc  links;  FM  telemetry,  either  digital  or  In  PCM 
format;  P:«/rM  telemetry.  Of  special  importance  In  this  phaae  of  the  study 
were  considerations  cf  range  portability,  ayatem  reliability,  immunity 
from  spurious  responses,  availability  of  r-f  frequencies,  and  compatibility 
with  HUG  specifications. 

Attached  a3  Appendix  D  is  the  Technical  Analysis  of  the  "Off-the- 
Shelf"  candidate  systems  that  were  investigated  and  a  listing  of  technical 
data  that  were  received. 

B.  TASK  CONTACT  TRAD2-0F7  STUDIES  OP  HARDWARE  IPSDTITIED  IN  TASK  #3 


The  objective  of  this  task  was  to  validate  the  candidate  Armed  Aircraft 
Qualification  Range  Scoring  System  from  the  hardware  identified  in  Task  #3, 
with  respect  to  the  functional  requirements  specified  in  Task  #2. 

A  trade-off  matrix  waa  prepared  which  listed  the  optimum  system's 
functional  requirements  as  well  as  the  functional  characteristics  of  each 
candidate  system  developed  during  Task  #3.  Each  system's  essential  function 
wes  ran'  ed  and  graded  as  follows:  a  value  of  "3"  vo3  given  when  the  candi¬ 
date  system  component  met  the  requirement;  a  value  of  "2"  wo a  given  when  the 
candidate  system  component  only  partially  net  the  requimement ;  a  value  of 
"1”  waa  assigned  when  candidate  system  component  did  not  meet  the  require¬ 
ment  except  to  a  minor  degree  and  "0"  value  was  assigned  when  the  candidate 
system  component  did  not  natiafy  any  part  of  the  optimum  system's  functional 
requirement.  Upon  completion  of  the  grading,  each  functional  characteristic 
vaa  weighed  in  accordance  with  established  hierarchy  of  importance  determined 
in  Task  /te.  Three  levels  of  importance  were  used  and  the  following  weights 
were  applied. 

1.  Level  1  (Sensing  Scoring  &  Displaying)  50£ 

2.  Level  2  (MPI  for  Miss-distance,  r  &  )  25*6 

C  °e  .  c  -  %C  C  c  .  C°  '•  c 

3.  Level  3  (Lata  Transmission  &  Miscellaneous)  25*6 

Thus  the  rating  value  multiplied  by  the  level  of  importance  yielded 
the  weighted  score  for  each  candidate  system. 

An  attempt  was  made  to  arrive  at  a  composite  system  comprising  the  best 
subsystem  from  the  candidates,  however,  this  effort  was  dropped  when  it 
became  apparent  that  interfaces  were  completely  incompatible. 

It  la  also, concluded  that  no  one  system,  currently  available,  will 
completely  satisfy  the  true  functional  requirement. 

Attached  as  Aptendix  E,  ia  the  Tradc-Cff  Ahalysia,  the  work  sheets  used, 
and  a  ran'-lng  table  of  all  candidate  systems  considered. 
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F.  TAt-  *  Sfr  PErTNITTON  OP  R-.CCtDGNDED  SYSTEM  PREPARATION  OF  PSRFOaMA?:CS 
Sfi.Clt  iCkr2IC'A  rctew  AND  :?cT?7b:;75 

111!  a  task  consisted  of  three  parts  j  the  definition  of  the  recommended 
optimua  scoring  system,  the  development  and  preparation  of  a  performance 
specification  for  the  optimum  scoring  system  and  the  co3t  effectiveness  of 
the  recommended  system.  A  complete  system  definition  end  the  resulting 
proposed  performance  specification  371-112A,  Specification  for  Armed  Aircraft 
Qualification  Range  Scoring  System  has  been  provided.  This  specification 
was  prepared  in  accordance  with  Level  HI,  under  MIL-T-23991  sad  Chapter 
5,  DSM  *’H203-M. 


A  true  cost  effectiveness  study  for  this  system  could  not  be  achieved 
due  to  the  lack  of  necessary  information,  both  operational  and  vendor  supplied 
however,  a  cost  model  vas  constructed.  This  model  and  other  rational  is 
provided  in  Appendix  F. 

0.  TASK  06  IDENTIFY  SUBSYSTEM  AND/OR  HARDWARE  AREAS  WHERE  FUTUR-B  DEVELOP¬ 
MENT  13  REQUIRE J  TO  OPTIMIZE  THE  RECCMIEJIDSD  OFF-T.YE- SHELF  SYSTEM 

The  purpose  of  thia  effort  was  to  determine  the  amount  and  type  of 
development  engineering  effort  and  an  estimated  cost  to  up-date  all  candidate 
"off-the-shelf"  scoring  systems  to  meet  the  idealized  system's  functional 
requirements. 

In  study  Tasks  3  and  U  It  vas  ascertained  that  each  of  the  candidate 
"off-the-shelf"  scoring  systems  were  functionally  inadequate  and  none  met 
■11  the  requirements  of  the  idealized  system  specification. 

To  develop  a  method  of  estimating  additional  development  ani  estimated 
production  costs  for  candidate  systems  without  attempting  to  forecast 
individual  company  development  costs,  a  standardized  method  of  cost  estimat¬ 
ing  was  used.  Details  of  thia  effort  are  found  in  Appendix  "H". 

H.  '  TASK  07  PREPARE  CONCERT  FORMULATION  STUDY  REPORT 

This  Concept  Formulation  Study  Report  summarizes  the  results  of  the 
eight  study  tasks  and  meets  the  requirements  of  NAV7RADEVCSN-STD-10UD, 
paragraph  5.I.1*,  final  report,  as  applicable.  The  study  report  fulfilled 
the  six  prerequisites  specified  in  AMCR  70-30  and  covered  all  of  the  require¬ 
ments  specified  in  the  Study  Oitline  371-106,  16  February  1963. 

J.  TASK  48  CONDUCT  TECHNICAL  REPORTING  CONFERENCES 

Three  Technical  Reporting  Conferences  were  conducted,  the  First  on  23 
May  19=9  at  the  Naval  Training  Device  Center,  Orlando,  Florida;  the  Second 
on  17  July  1969  at  Del  Mar  Engineering  Laboratories,  Lc3  Angeles,  California 
and  the  final  on*  cn  23,  September  1569  at  Del  Mar  Engineering  Laboratories 
Included  as  Appendix  0  are  the  agendas  and  summary  report  for  each  conference. 
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SECTIOW  IV 

c.  O  ;  |f  C  c  RESULTS  <  O  '  '  £  '  °  L°  '  ,  ' 

° "  e  !  °  _  ‘ 

A.  G~r.?AL 

The  atudy  revealed  that  deficiencies  currently  exist  in  four  major 
areas  pertinent  to  Armed  Aircraft  Gunnery  Training  Scorings: 


1.  Proficiency  criteria  for  gunnery  qualification  is  non-existent. 

2.  Developmental  Engineering  is  required  to  modify  the  Candidate 
Scoring  System  found  to  be  most  effective  to  meet  all  functional,  environ¬ 
mental  and  operational  requirements  of  the  Cptimun  Range  Scoring  System. 

3*  Candidate  Scoring  Systems,  in  an  "off-the-shelf"  category,  do  not 
meet  all  functional  requirements  of  the  idealized  scoring  system. 

4,  Operational  ana  system  costs  of  present  scoring  methods  and 
systems  have  not  been  defined  adequately  enough  for  a  thorough  cost  effec¬ 
tiveness  effort  to  be  completed  herein. 

3.  FRoyicif.::cY  criteria 

True  Qualification  Standards  criteria  has  not  been  established  for  the 
individual  training  of  g\|nnory  students  except  for  gunnery  flight  instructor 
pilots.  Subjective  scoring  is  accomplished  by  Gunnery  Instructor  Pilots 
using  visual  and  Judgement  techniques.  Standards  for  evaluating  unit 
gunnery  proficiency  and  accuracy  have  not  been  developed.  Arr.y  Training 
Tests  (ATT)  do  not  include  objective  scoring  of  units  in  gunnery  subjects. 
The  lack  of  these  critiera  and  standards  cake  the  ta3k  of  determining  the 
true  effectiveness  of  an  optimum  scoring  system  difficult. 

C.  DEVELOP  EiTAL  rTTGEfEERIKO 


An  investigation  vas:  conducted 
up-datirg  each  candidate 
functlcr.il  requi  rerent  a. 
shown  in  Appendix  "H" . 


to  determine  the  effort  and  cost  of 
"off-the-shelf"  system  to  meet  the  idealized  system’s 
The  methodology  and  results  of  this  effort  are 


D. 


PUTTCTICrAL  RZCUTRSTE.TS 


L 


The  functional  analysis  performed  in  Tasks  2  and  4  revealed  that  candi¬ 
date  systems  ranked  in  the  following  order:  Approach  7,  8,  9/  14,  16,  3. 

12,  13,  4,  1,  1%  2,  r,  6,  10  and  finally  11.  Approach  7  rated  highest, 
meeting  4^  of  the  optimum  system’s  requirements,  sni  Approach  Jd  rated  the 
lowest,  meeting  only  201.  The  functional  and  technical  analysis  are  furnished 
as  Appendices  C  and  D  respectively.  Deficiencies  common  to  all  cor.di'csxgs 
include ; 


:cori: 


decerr.ini 

provided. 


-  too  low,  scorir.p  radius  -  too  small,  no  method  o 
eon  point  of  impact  and  no  vector  or  quadrant  information 


X 

x 

X, 
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E.  COST  EffECTT/msS 

Cost  data  for  present  day  scoring  methods  and  syateas  are  either  unclear 
or  unavailable,  Total  number  of  aircraft  hours  utilised,  quantities  of 
ordnance  expended,  and  support  effort  necessary  to  "qualify"  a  gunnery  student 
have  not  been  determined .  Candidate  Scoring  £^c*e a  manufacturers  have  pro¬ 
vided  only  "first"  coat  figures;  mortality  rates  for  down-range  subsystems 
have  not  been  estimated;  operational  support  costs  have  not  been  calculated; 
estimated  logistics  costs  have  not  been  determined.  Lacking  these  data  a 
true  cost  effectiveness  analysis  cannot  be  completed.  However,  a  cost 
effectiveness  model  was  constructed.  This  formula  was  applied  to  eligible 
candidate  systems  for  cost  and  economic  considerations  and  the  resultant 
rankings  are  as  follows:  Approach  S,  lU,  13,  7,  9i  15,  *nd  4. 

Approach  8  was  determined  to  be  most  coat/effective  with  a  relative  value 
of  $10.3^  while  Approach  4  was  the  least  coat/effcctive  with  a  relative  value 
of  $33.75.  Certain  candidates  were  eliminated  from  consideration  due  to  lack 
of  adequate  price  and  cost  information  or  where  excessive  development  effort 
was  obvious.  Appendix  ?  provides  details  of  the  cost/effeetiveness  effort. 
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SECTION  V 
DISCUSSION 


The?  study  tasks  enumerated  In  Section  I  have  been  pruuolgated  to 
incorporate  ell  data  and  in formation  necessary  for  compliance  with  prere¬ 
quisite  requirements  of  AMCR  70-30. 

1.  PREREQUISITE  1 

Information  necessary  for  compliance  with  this  px-erequi  site  waa 
obtained  during  the  oompleT.ion  of  Tns  :a  2,  3,  5  and  6.  Task  2  developed  a 
functional  analysis  of  tre  system  in  conjunction  with  the  SDR;  Task  3 
investigated  all  known  scoring  systems,  and  atate-of-art  technology;  Taak 
5  defined  the  ultima to  systea  required  including  cost/effectiveness  evalua¬ 
tion  and  Task  6  identified  and  estimated  the  development  effort  required  to 
optimise  the  recorw  nJed  off-the-shelf  system.  Data  resulting  from  these 
tasks  indicate  that  engineering  ratner  than  experimental  effort  la  required 
and  technology  needed  is  sufficiently  in  hand  to  develop  the  idealized 
scoring  system, 

2.  PREREQUISITE  2 

The  Task  2  arialysia  defined  the  niaalon  and  performance  envelopes 
for  the  Idealized  scoring  syaten,  thereby  meeting  the  prerequisite  require¬ 
ments. 

3.  PREREQUISITE  3  St  k 

Trade-off  studies  of  candidate  systems  conducted  under  Task  U  and 
the  review  of  state-of-the-art  technology  cocpleted  during  Task  3»  has  insured 
that  the  best  technical  approach  has  been  selected.  Additionally,  the  complete 
functional  coma  risen  of  all  candidate  systems  has  resulted  in  the  selection 
of  the  best  qualified  off-the-shelf  system  which  might  be  modified  and  im¬ 
proved,  with  minimal  effort,  to  meet  specification  requirements. 

U.  PREREQUISITE  5 

A  cost/effectiveness  model  was  prepared  in  Task  5,  and  applied  to 
each  candidate  system.  Lack  of  up-to-date  factual  information  on  present-day 
operation  end  maintenance  costs  and  the  limited  price  data  furnished  by 
candidate-system  manufacturers  prohibited  the  preparation  of  a  more  compre¬ 
hensive  analysis,  however,  estimates  and  weighting  factors  were  used  to 
provide  sn  effective  cost  analysis. 

5.  PREREQUISITE  6 

During  Tasks  c-  er.d  6  it  was  determined  that  cost  estimates  and  time 
estnatea  were  accurate  er.d  realistic  within  the  imposed  boundary  conditions. 
These  estimates  include  system  development,  testing,  evaluation,  acquisition, 
operation  ar.d  maintenance  co3ts  and  time. 
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SECTION  VI 
CONCLUSIONS 


A.  GE!~:ttL 

From  the  results  of  investigations  and  data  compiled  durlrs  the 
course  of  the  study,  It  vaa  concluded  that  acoustic  sensing  techniques 
offered  the  best  technical  approach  to  ncct  air-to-ground  armament  scoring 
system  requirements.  It  is  also  apparent  that  a  trade-off  oust  be  made 
to  ineuro  that  all  military  and  economic  aspects  of  the  ideslitcd  scoring 
system  are  considered.  The  results  of  functional  adequacy  and  cost/ 
effectiveness  as  discussed  in  Section  IV  as  shown  below; 


functional 

Adequacy 

Ranking 

r . .  1  . . . . 

Percent 

functional 

Cost 

Effectiveness 

Ranking 

Approach  #  7 

43* 

Approach  #  8 

8 

41* 

14 

9 

40* 

13 

14 

30* 

7 

13 

‘  35* 

9 

4 

34* 

15 

15 

20* 

4 

13.22 

15.60 

16.96 


The  candidate  systems  which  rank  first,  second  and  third  in  functional 
adequacy  (Approaches  ??7,  8  and  9)  were  reviewed  with  candidate  systems 
which  rank  first,  second  and  third  in  cost/effectiveness  (Approaches  8,  14, 
and  13)  to  provide  a  final  basis  for  systems  selection.  In  functional 
adequacy,  insignificant  differences  existed  between  the  leading  three 
candidates  (3%),  while  in  the  cost/effectiveness  area  a  significant  differ¬ 
ence  is  apparent.  It  should  also  be  noted,  at  this  point,  that  approaches 
13  and  14  represent  systems  manufactured  by  foreign  Companies.  If  "2uy- 
America"  policies  are  to  be  considered,  resulting  in  elimination  of  two 
more  candidates,  the  cost  effectiveness  value  differential  is  quite  signi¬ 
ficant  (approximately  231).  It  is  concluded,  therefore,  that  the  candidate 
system  represented  by  Approach  Number  3  is  the  most  acceptable,  off-the- 
shelf  scoring  system  in  consideration  of  technical  feasibility,  economic 
and  military  requirements,  and  the  development  requirement. 

B.  MOD  I  TIED  DEVELOP?  fEff  TPC/CC.TT  CYCLE 

It  is  further  concluded  that,  although  technically  feasible  and  within 
the  state-of-the-art,  it  nay  be  relatively  costly  and  tine  consuming  to 
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develop  a  scoring  curability  for  all  projectile  types  (inert,  HS,  cubsonlc 
end  supersonic  projectiles)  end,  pirtieularly,  to  develop  the  m cane  to 
scora  simultaneous,  multiple-type  projectiles  on  the  same  target.  This 
conslderstion  is  applicable  to  all  candidate  systems. 
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SECTION  VII 
.  RECaMENIJATIONS 

.  c 

A.  GENERAL 

following  the  conclusions  reached  in  Section  VI,  it  is  recommended 
thst  engineering  development  of  this  optinua  scoring  systeo  be  initiated, 
utilizing  rrrDC  Specification  371-11PA  as  a  basis. 

B.  CJALI  FT  CATION  CHITEHIA 

It  is  further  recommended  that,  concurrent  with  the  engineering 
development  process,  qualification  standards  be  established  for  gunnery 
proficiency  ratings,  based  an  the  use  of  instrumented  scoring  systems. 

C.  MOOIFTED  DEVELOPMENT  TPE/COCT  CYCLE 

It  is  recommended  that  consideration  be  given  to  modification  or 
deletion  of  the  requirements  to  score  all  projectile  types  and  to  score 
multiple- type  projectiles  simultaneously  on  the  same  target. 

D.  SCORING  SYSTEM  UTILIZATION  STITHY 

It  is  also  recommended  that  a  study  of  the  methods  for  beat  utiliza¬ 
tion  of  scoring  systems  as  an  aid  to  gunnery  training  be  conducted.  Human 
factors  related  to  utilization  of  the  scoring  system  as  a  training  aid 
should  receive  the  greatest  emphasis.  Publication  of  a  guide  for  scoring 
systeras  users  would  be  an  end  item  for  such  a  study. 
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RITHIEJICES 


(1)  Patent: 


(2) 


(3) 


Roland,  H.  F.  Jlear  Miss  Distance  Scoring  System  Using  Doppler  Effect 
Fort  Walton  Beach,  Florida;  United  State*  Patent  Office,  1965* 


Patent: 

Ouerth,  F.  A.  Optical  Miee-Diatance  Indicator.  Ca 
United  State*  Patent  Office,  I960. 

Patent: 


rillo,  Calif.; 


Tlacnlvaa,  Md.; 


Knapp,  P.  M.  Strafing  Target  Ualng  Schlieren  Effect. 

United  State*  Patent  Office,  19&1.  | 

(4)  Program  of  Instruction!  | 

United  State*  Army  Arlatlcn  School.  POI  for  2C-F13  CH-6  Traaaltion/ 
Omnery  IP  Qualification  Course;  Fort  Ruaker,  Alabana;  U.  S.  Army, 

1967.  ! 

1 

(5)  Procrmz  of  In rt ruction:  I 

United  States  Army  Aviation  School.  POI  for  2C-F3  UH-1  (Iroquois) 
Instructor  Pilot  (Tranaitlon/Ounnery)  Qualification  Course.  Fort 

Rucker,  Alabama;  U.  S.  Army,  1969.  J 


(6)  Progr**  of  Instruction: 

United  States  Army  Aviation  School.  POI  for  2C-196l-A/2C-062B-A 
Of fleer /’Warrant  Officer  Rotary  Wing  Qualification  Course  (Reserve 
Ccmponent/Allied).  Fort  Rucker,  Alabama;  U.  S.  Army,  196?. 

(7)  Program  of  Instruction; 

United  State*  Army  Aviation  School.  POI  for  2C-1901-D/2C-O62B-D 
Off leer /Warrant  Officer  Rotary  Wing  Qualification  Course  (Active 
Army).  Fort  Rucker,  Alabama;  U.  S.  Army,  1963. 

(8)  Program  of  Instruction: 

Unitec  State*  Army  Aviation  School.  POI  for  ? C-19B1-B/2C-062B-B 
Officer/Warrant  Officer  Rotary  Wing  Aviator  Course.  Fort  Rucker, 
Alabama;  U.  S.  Army,  1969. 

('<)  Program  of  Instruction: 

United  States  Army  Aviation  School.  POI  for  PC-F9  M22  Gunnery 
Qualification  Course.  Fort  Rucker,  Alabama;  U.  S.  Amy,  1969. 


NAVTRADEVCEN  69-C-0178-1 


C'.  t  5  e  C  c  ■  C  «  ,.°  O  c  ,  •  .  'e  -  °  O  .  0  c  c'°  =  •  0  ° 

(in)  Program  of  instruction! 

United  Statee  Amy  Aviation  School.  FOI  for  2C-F19  UH-1  Pilot 
Transition  Courae  (lavy).  Fort  Rucker,  Alabama;  U.  S.  Army,  1968. 

(11)  Program  of  Inatructlon: 

United  Statea  Army  Aviation  School.  2C-F11*  AH- 10  (Huey  Cobra) 
Inatruetor  pilot  ( Transit ion/Ounnery)  Qualification  Courae.  Fort 
Rucker,  Alabama;  u.  8.  Army,  1967. 

(12)  Program  of  iaatructlon: 

Uhited  Statea  Array  Aviation  School.  POT  for  2C-F15  AH-lG  (Huey 
Cobra)  Pilot  Tramaitian/Ounnery  Courae.  Fort  Rucker,  Alabama; 

U.  S.  Army,  1968. 

(13)  Program  of  Inatructlon t 

United  Statea  A ray  Aviation  School.  BOI  for  600-67*20  UH-1  Repair 
Courae.  U.  S.  Army,  Fort  Rucker,  Alabama,  1968. 

(ll)  Program  of  Inatructlon: 

Uhited  Statea  Any  Aviation  School.  POI  for  600-67A1F  Helicopter 
Door  Gunner  Qualification  Courae.  U.  S.  Any,  Fort  Rucker,  Alabama, 
1968. 


<"(1*3) «  Program  of  Inatructlon:  *  c’  'c  «*  *  -c  .  **•  *  5 4 

United  Statea  Any  Aviation  School.  POI  for  OH-58  Tranaitlon/Gunnery 
IP  Qualification  Courae.  U.  3.  Army,  Fort  Rucker,  Alabama,  (Draft). 

(16)  Specification: 

U.  S.  Naval  Training  Device  Center.  Standard  for  Environmental  Teitlng 
of  Training  Devices  Dealgned  for  Uae  in  Field  Exercises  and  for 
Installation  on  Military  Vehicles.  U.  S.  Navy,  Port  Washington,  New 
York,  196U. 

(17)  Specification: 

Naval  Training  Device  Center.  General  Specification  for  Training 
Devices,  Military.  *J.  S.  Navy,  Orlando,  Florida,  1988. 

( 18 )  Report : 

Del  Mar  Engineering  Laboratories  Alr-To-Oround  strafing  Scoring  System 
Models  DA-3/A,  DA-3/C,  DA-7/E,  DA-3/F.  Del  Mar  Engineering  Laboratories 
Loa  Angeles,  California,  1969. 
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(19)  Report  I 

SAAB  Aktiebolag,  Iaduatridiviaionen.  Hit  Scoring  with  HT1U.  jonkoping 
Sweden,  SAAB  Aktiebolag, 

(20)  Report; 

1 

Aeroaic  Ltd.  Acoustic  AS- 100  Mias  Distance  Indicator.  Stockholm, 
Swadan,  Air  Target  Ltd.,  19&. 

(?1)  Report; 

Cubic  Corporation.  Electronic  Tracking  Systems.  Cubic  Corporation, 

San  Diego,  California,  1967. 

(2?)  Report; 

SFEXA.  Armed  Aircraft  Qualification  Range  Scoring  System,  Nm  SAM  l1*. 
Soclete  Francaise  D'Equlpmenta  pour  I*  navigation  Aerlenne,  Beuilljr, 
France, 

(23)  Report; 

£ 

iOnders  Aaaociatea,  Inc.  Radar  Scoring  System,  RASCORE-S,  XASOORB-AP. 
Sanders  Aaaociatea,  Bedford  Division,  Massachusetts. 

1  c  e 

•  c  c  K.  c'  ■  '  -  6  c 

(?!»)  Report; 

Joanell  Laboratories,  Inc.  Model  VTS-RJM-1  Target  System.  Joanell 
Laboratories,  Inc.,  Livingston,  lew  Jerwy. 

c 

(25)  Report;  ;  .  \  ,  •'  , r  '  -  ‘  ■  .  ;  ‘  ‘  °  : 

'  EICCO  Electronics  Ltd.  EKCO  Missile  ’V.D.I."  Systems.  E1CC0  Electronics 
Ltd.,  Southend-on-Sea,  Essex,  England,  1969. 

(26)  Report; 

Chrysler  Corporation,  Defense  Operations  Division.  Feasibility  Study  of 
Stabilizing  the  Line  of  Sight  of  an  Automatic  Mias  Distance  Indicator 
for  Tanka.  Defanee  Engineering,  Chryalar  Corporation,  1966. 

(27)  Report; 

U.  3.  Havel  Ordnance  Teat  Station.  Instrument  operations  on  Teat 
Department  Ranges.  0.  8.  Wavy,  China  lake,  California,  1963. 

(?R)  Report ; 

Aberdeen  Proving  Oroomd.  Electronic  Control  and  Guidance  Division  Report 
on  Experimental  Investigation  of  a  Miss-Distance  Indicator  using  Radio¬ 
active  Techniques.  Aberdeen  Proving  Ground,  Maryland,  i960. 
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(29)  RJS21« 

f  .  e  j.  C  ..  r  . 

Hickamall,  F.  k  Medina,  M.  Acouatlc  Amplification  in  III-  V  Caapounda 
Motorola  Inc.,  Arizona,  1964. 

(30)  Report: 

Weeeott,  John  w.  k  JCa sheer,  S.  Steven.  Propagation  of  Sound  In  Air-A 
Bibliography  with  Abatracta.  univereity  of  Michigan,  Michigan,  1965. 

(31)  Report : 

Hie  kerne  11,  T.  Acouatlc  Amplification  In  III-V  Compound*  (Second 
Interim  Report).  Motorola  Inc.,  Arleema,  1964. 

(32)  Report; 

Saab-Bulow.  Acouatlcal  Ml a a  Qiatance  Indicator,  Saab-Bulow  BT23. 
Saab-Bulow,  Olle  Bnlow  AB,  Sweden,  1967. 

(33)  Report: 

SFEKA.  Mlaa-Diatance  Acouatlc  Detector  (STEM  Mae  12B).  Soelete 
Francalae  D'X^pcLpenenta  Pour  La  navigation  Aerlene,  Meullly,  Rram. 

(34)  Report: 

Babcock  Electronic*  Corporation.  Accuracy  Seoul tafor  8003.  Babcock 
Electronic*  Corporation,  California. 


(35)  Report: 

Bloongulct,  J.  C.  at  el.  Teat  Report  of  the  Swedlah  LTTH-22  Mon- 
Cooperative  scorer  Installed  in  a  Swedlah  IM-7  Tow  Target.  0.  8. 
Air  Force,  Florida. 

(36)  Report: 

MaJ.  Jioqr  D.  Week  a,  et  al.  LOR  IP  Tactical  Gunnery  Qualification 
Couree .  D.  S.  Amy  AHtStion  School,  Alabama,  1969. 


(37)  Report: 

Farmer,  Maj.  Harold  D.  et  al.  UH-1  X?  Gunnery  Qualification  Couree. 

U.  S.  Amy  Aviation  School,  Alabaaa,  1967. 

(38)  Report: 

U.  S.  Amy  Material  Command  (AMC).  Baeearch  and  Development  -  Concept 
Pormulatioc—rcerequiaitea  to  Initiating  aigineering  or  Operational 
Syatena  Development  Iff  art.  u.  S.  Amy  Material  Coemand  (AMC),  Wash¬ 
ington,  D.C.,  19<6. 
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(39)  R«Port» 

Headquarters,  Department  of  the  Army.  Beta ry  win*  Aircraft  Ounnery 
Armament  Subsystem,  Helicopter,  7.&2-*H  NachlneOun  (XM-6  Serlea)  Quad 
Oun.  U.  8.  Oevemaeat,  Washington,  D.C. ,  1963. 

(1*0)  Report; 

Oarinther,  Georges  R.  et  al.  Tranaducer  Technique*  for  Measuring 
the  Effect  of  aBell-Arm*'  Holae  on  Hearing.  U.  S.  A ray  Human  Engineer¬ 
ing  Laboratories,  Maryland,  1965. 

(Ul)  Report: 

Kendrick,  W.  M.  et  al.  A  Microwave  Modulation  Telemetering  System. 
Balliatlc  Reaearch  Laboratoriea,  Maryland,  1961. 

(U?)  Report; 


Bergman,  T.  0.  Design  for  a  Laser  Rangefinder,  U.  3.  Ravel  Ordnance 
Test  Station,  California,  196I*. 

(1*3)  Report; 

vaster,  waiter  L.  Cooperative  Doppler  Scoring  System  Study.  U.  S. 

Havel  Avionics  Facility,  Indiana,  1965. 

(Ul*)  Manual: 

Aviation  Armament  Division.  Gunnery  instructor  Pilot  Handbook. 

U.  S.  Army  Aviation  School,  Alabama,  1968. 

(1*5)  Manual:  *  ;  ’•  * 

*■  c 

U.  S.  Army  Aviation  School.  Attack  Helicopter  Ounaery.  Department 
of  the  Anqr,  Alabama ,  1969. 

(1*6)  Manual: 

U.  3.  Army  Aviation  School,  Aviation  Aerial  Weapons  Company  (TO*  1-11T) . 
Dept,  of  the  Amy,  Alabama,  1968. 

(1*7)  Manual: 

U.  S.  Army  Aviation  School.  Special  Army  Training  Teat  1-111  (TO*- 1- 111T) 
Dept,  of  the  Anqr,  Alabama,  1968. 

(1*B)  Manual: 

Headquarters,  Department  of  the  Army.  Operator,  Organizational  and 
yield  Maintenance  Manual  Target*,  Target  Material,  and  Training  Couree 
Laqrouts.  Department  of  the  Army,  1963. 


21 


.  <  JttVTRADEVCEH  69-C-0178-1 


(U9)  Manual} 

Headquarters,  Dept,  of  the  Any.  Divisional  Armored  and  Air  Cavalry 
Unit*.  Dept,  of  the  Amy,  Washington,  D.C.,  1968, 

(SO)  Manual; 

U.  S.  Any  Aviation  School.  Reference  Data  for  Arty  Aviation  In  the 
Field  Any.  U.  S.  Arty,  Alabama,  1969. 

(si)  Manual: 

U.  S.  Any  Aviation  School.  Volume*  1  and  2  JWl-Ml  Attack  Helicopter 
Gunnery.  U.  S.  Any,  Alabama,  March  1969. 

(52)  Manual; 

Department  of  the  Air  Farce.  A?  Manual  50-18  Weapon*  Ranges.  Dept, 
of  the  Air  Force,  Washington,  D.C.,  1963. 

(53)  Manual: 

U.  S.  Defenae  Department.  Standardization  Policies,  Procedures  and 
Instruction*,  U120.3-M.  U.  S.  Government,  Washington,  D.C.,  1966. 

(SU)  Report; 

Boo-,  Allen  Applied  Research ,  Inc.  Hit  Probabilities  in  the  Elliptical 
Normal  Case  Considering  Angle  of  Attack.  Boo?,  Allen  Applied  Research, 
Inc.,  California,  1963. 
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3/1-106 

16  February  1968 
Project  1961 

NAVAL  TRAINING  DEVICE  CENTER 
ORLANDO,  FLORIDA 

STUDY  OUTLINE  FOR 

ARMED  AIRCRAFT  DUAL  I  FI  CATION  RANGE  SYSTEM 
CONCEPT  FORMULATION 

1.  save 

1.1  This  study  outline  establishes  the  requirements  foi  a  study  to 
determine  the  technical  feasibility,  economic,  and  military  considerations 
for  preparation  to  initiate  development  of  the  Armed  Aircraft  Qualification 
Rur.po  System.  The  study  shall  include  a  survey  of  the  technological  stjto- 
of- the-art  hit  and  near  miss  detection,  and  data  acquisition  ami  interpre¬ 
ts.;  ion. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  the  dote  at 

Invitation  for  bids  or  request  for  proposal  form  a  part  of  this  spec ; n cct io»: 
to  the  extent  specified  herein:  =  ■  -  -  • 

STANDARDS 

Military 

MIL -STD-461  c  *. 


MIL-STD-470 


MIL-STu-471 


MIL -STD -785 


Electromagnetic  Interference  Chcrac- 
Istics  Requirements  for  Equipment. 

Maintainability  Program  Requirements 
(For  Systems  and  Equipment) 


Maintained  i  I i ty  Demc ns t ration 
Reliability  lests  Excencnciel 

bution 


istri- 


Requi foments  for  Reliability  Program 
(For  Systems  and  Equipment-* 
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Naval  7 ;  l  i  n  <  t^i_  Device  Center  {NAVI »'/  DtVCtN). 

f'A,'TIiAi>L VCHM -STD -1 C-  i  St an da re  for  Preparation  of  Technical 

Reports 

I'UBlic/.ikj:* 

U.  S.  Army  rate  riel  Cos/nand 

Regulation  70-30  Concept  t  orr.ulf: cicri,'  herein i  sites 

to  Ini  tic. ting  Fnyiiwerin  j  or  l'-po ratio 
Systems  Development  Effort 

Approved  Small  Devok>;T.ui;-.t  Rcqui resent  (SDR)  for  an  Armed 
Aircraft  Qualification  Range  System. 

(Copies  of  spec i  ficatioftr.,  standards,  drawings  and  publications  required 
by  fntpl  iers  in  connection  with  specific  procurei-xn!.  functions  snould 
l>(»  oMairmd  from  tne  procuring  activity  or  as  directed  by  the*  Contract’! ”... 

Of  fierr. ) 

3.  id.QUIi'd.MOiiS 

o 

3.1  background.  ••  Army  Uni r-T  Command  Regulation  (AMC’i)  70-3.) 
outlin-.-s  the  toricCpt  formulation  prerequisites  tiiat  must  bo  analyzed  and 
cvttlu*  fed  prior  to  initiating  neve  I  opc.n.nt  of  an  ooerational  system,  lira 
appro*: -.d  5"  DR  for  Ar:; c d  Aircraft  Qualification  Kt.nge  System  outlines  the 
proposed  system  end  its  capabilities  required  to  Vuifill  the  Army  Aviation 
School  air-to-groun i  ordnance  training  program. 

3.2  Study  outline.-  This  stud/  shall  determine  the  technical  'oasipiliiy 
fa rfe?" ftirts i mEi-.i c cie-p i fj i'.a  1  y >f S  for”  try’  Anr’cd  r;.rf  ft'  Odal  ificatiuA  Ztr.<.y 
Syst..”'  in  ocuorixrce  u-/i  •  h  ctne  concert  •forrulation.  outlined  in  AMCR  1'0-3’d 

and  *..<.*  syttwii  •‘ec.ui r aments  as  outlined  iii  trio  SDR.  Design  analysis, 
comns*’ison  and  re-cc’-me-nealiov  snail  oe  supported  bv  aopropriate  rationale 
and  la.  Tne  c  >  t  forrrulaticn  snail  consist  of  trie  6  A  VCR  70-30 
pier'.,  puis  i  t.. s  s.ell  ir.ch.c-,  out  r.ot  be  limited  to,  the*  fol  i  owing  items 
and  cwalys  s: 


3.2.1  Rre.-x  .is 


effoj 

'.  IS 

7  he  •; 

•  •'  -j 

syst 

n  and 

do  S  1  C 

Tr. 

A  rm  a  .* 

-  i  rcr 

s/s 

OT  C  ■ 

a;  .  '■  vj 

Prar  . 

.. i si  t. 

f  o  1  !  c 

v  i  r-:  ; 

to  1.  f’r  .i  ij •- •  1  ■! .  vnoineer  i?  •  rcl hr'-  'nan  vntal 

r  tne_  •„<:••• .  u  ;  :c;..  -ao'-ajs  :  .r_;  •aia-t  y  in  r.  t:  ; .  - 
c* :  rad:.  .a.-  sons,  »r  *:  e:.  .•••.  : 

s  ‘‘or  *.'•.*  A e- ;  Airc-'rft  On;!  iff  cation  Ri’vo  r/s.o*; 
ail  es  c-t  l  i  i  ■-  a  -  rent,  menftu  dnvelcti'.ert  frr  tre* 
i ration  Rang.-  Sysr-am  u.r.ici  ill  re-rni r*-  or’  .->iiy 
-;  adaot3.’*rn  c  •  s ...rays tern:  -  ra  ;;r  .n  t.u?  ?i> 

:  i  i  on  -/>- 1 1  :  r.ot  --cair-j  1  -  .  --.t  :-.:n  c.  sci  ’  ’.t .  ri  r  ■  ...*•; 
include,  out  t.j  t  t-c*  1  itr.i  ten  to,  anal  vs  is  ef  tre 


i  :  ■  •  V-/  -  7  -  -  l  . - 

out  !./.  pc*  lir 
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(d)  Various  hit  detection  scoring  techr; inucs,  components.  ar,d 
«  c  sys terns  for  supersonic  and  subsonic  projectiles  of  various 
caliber.  This  shall  include  the  operational  pc remote rs  as 
wel  I  as  co;.ipatabilify  with  the  rv<yiirt.;c>nts  of  the  Sf.-I-i. 
Particular  attention  is  directed  to  thr  col.- nr, i, -.at.  or.  of  the 
"near  miss"  projectile  impact  point  capability 

(h)  Various  means  of  interfacing  the  hit  detection  sysicn.  >  and 
components  with  the  central  display  unit.  The  inter?,  ce 
design  shall  consider  hit  signal  data  conversion,  Lirir.-i 
function,  data  transfer  from  target  areas  to  the  control 
center,  and  central  display  unit  for  displaying  data  from 
target  areas  throughout  the  range  system. 

3.2.  Prerequisite  ?  -  The  mission  ami  p^r  fi.n int  er  envelopes  juv_  do  fijiod.- 
1  miner  perform  or, ’.7  and  opera  ting  characteristics'  shaTi-Fe’"ahjry,,co  ai7o" 
outliried  in  this  section.  These'  shall  include,  but  not  be  limited  to, 
the  following  items: 

(a)  Limitation  on  angle  or  entry  of  projectiles  into  the  target 
detection  zone 


(b)  Clearly  defined  nurir.tainebil ity  and  reliability  outline  which 

complies  with  the  concepts  of  Mil. -STD-470,  MIL-SI 0-471 .  and 
MIL -STD -7R5  ........ 

(c)  Physical  size,  shaim,  and  weight  of  individual  system  compon¬ 
ents,  including  containers  for  transport,  to  comply  with 
requirements  for  man  transportability 

(d)  Radio  frequencies  and  output  power  of  the  system  data  iinl- 

to  conform  to  FCC  regulations  and  availability  of  frequency 
bands  .  e  ■  ‘ 

(e)  Pci  er  retirements  of  the  system,  and  power  sources  recommend  :-d 
to  satisfy  these  retirements 

(f)  Limitations  on  hit  detection  rate  and  accuracy  ror  single 
projectiles  as  well  as  simultaneous  burst  hits  of  various 
types  of  projectiles 

(g)  Feasibility  of  detection  and  scoring  of  both  subsonic  aid 
supersonic  projectiles,  wuh  any  one  sethod  or  concert,  al’ 

L-  supported  by  Quantitative  oasis.  Should  a  single  rn^.-ro-  be 
incapable  of  accumnli suing  the  <»dsi  r?c  results,  the  :  i r.-'.-.u-; 
number  and  types  of  system  concents  nr  retreds  necessary  snail 
be  indicated 
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appro  n 

n^b 
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ejected. 

3.2. 4  fVor>-<tii:,i to  <1.  A  thorourh  trade-of f  f’aiysis  lus  be-.n  rv.de.-  The 
trace  of  I  aissly..  i:  s;.al  i  also  include  <j  I  I  trace -o-  f  Studios  ’pci-tor;:;',  d  in 
clots,  r. .  ■  n  i  no  sys  i: ...  conf  i  <;ura  tior.s .  The  studies  shall  include ,  bet  nut  be 
limited  to-  i.'orfo.Y  -ir.ee ,  economics,  trainer  efficiency,  reliabili  tycand  maintain- 
ability  concepts. 
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i.sainta iirthi  1  i  ty,  ti.d  i.tii  ization  over  the  effective  life'  of  the  trainer. 

3.2.6  Proreoii is  i  to  a.  The  cocl  err:  scr.itbuie^es titrates  are  credible  and 
mIc.  ’  ,Cc.";> if-;te.  e-'f’-IirYVe  <er.-T ..j Us.  eci; . Vt* f ?«';./> -i eo  vitfn  '■■■' 

(.‘dndo'ver  «:.f. a  mo  Serial  -„-sl is.a marl  :>o  urovie-j;  The  estimate 
fS-r.-;  1 !  assume  eesv  and  j,  jnu'*ac tjre  of  the  ,’.r:-:o&  Ai  re raf  t'Qtia i  i  f  ice.  t  ion 
Kuo^c-  System  vim  in  me  fiscal  year  53-70  period. 

3.3  rUtil.;  r-  ■:  et.  Tie  end  prefect  snail  conns:  of  a  cot  c-.:  r  fur:-.;1c  licr 
re;  or:  in  at  co'-omr.c  *i  tn  the  fin  •!  report  repairmens  of  ‘.AVT-'-AMVCt’;  31. 
104. 


3.4  Oats  and  ’-.  ny  .rce  r.-.u*-..-!  .-  cet  t  ft-  the-  aooliCaMo  doc..'"  .vi : 
of  rare. m,  "<i  3.i,  ell  ;.»•  *.a  arc  r-.-f  .-cr-c?  t  eerie  1  snail  be  ottered  tre 

C».*f  *L  f\  ■!  *"  r  .  SliC'*.  O ’.  v.  :  r  rU  0',*ccr-  I  ,-n  -CS-i^n  6  DC  OI'O'  a*  k‘ 'la  i 

crji:  Tc:-  ,  ..'i*  1  s  1 1  c?  ,  Cji'CVi  1 1?  Cif«c  t’u  c  i-.' r  i  s  i "  cs  ,  ccsc,*  m  •  i  c&ry  i.  *  i  1  i  Zaticr. 

:  •  ’  '/  :  '  o  r  o  v '  i  r  •  i  r  ?\  rmo  Vi  on  . 


3. ‘-  >  -  .. ;  .*  •  •'  .  -  .  r..:  t  c  i.i'W 

: i  <  A:i5uf '  ■'  -e  :v;3:.”  s 

4. :  T/.-j  e.-.s  „  r-v.  •  c  t  -e-i  ■  ;  r  ■■■•  frt  e  v.  ■  e 


> :  .s  :  i  e  ••  or..e  .  ,-ss  J :  i  .1 


29 


■AVTUmvav  69-09* 171-1 


•i/i  ip:. 


or-  uu!  ji’f.l.  to  .■  i  .-v;  uiri  t  ;>pi  ov  )  ,  in  vri  t  i  n<; .  I  y  1  Cor;  r.i(  i  ii..j  (-fficr.r. 
review  will  include  deleniiinet  io.:  of  cor, pi  i.mro  with  toe  re:piif.;:n',,ts  of 
this  study  o'.iHir. :  and  applicable  «f»*.scf  iio»tior.s. 

b.  KlKR/.RAilGN  FG.i  wLliVE.P.Y 

b.l  The  cun-  ept  formulation  data  shall  be  prepared  for  delivery  in 
accordance  with  i;AVTRAL)r.\/CEN  STO  104  and  the  Cor  tract  Schedule. 

6.  NOTES 


b.l  T  u.,e.-  The  Concept  Formulation  Study  will  provide 

Ibcimicul'  ieiTj  'bi  i  i  ty,  economic  considerations ,  and  best  technical  approach 
toward  dove i opine t  of  a  hardware  prototype.  Armed  Aircraft  Qinliricntion 
Kang:-  System. 


\  \ 
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tiAVAL  r.r.vic/.  c?.:.ttr 

ORLAr.’LiO,  Florida 
STUDY  OUIYTNF.  FOX 

AKHF.D  AIRCRAFT  qUAUFlCATlOU  RAA'dil  SYSTEM 
COirlCiiPT  FORMULATION 


Thi„  /•nendr.itoa  forta-i  a  part  of  and  shall  be  attach;*!  to  Stuoy  Outline 
3/1 • 166,  dated  16  February  1968. 

On  the  cover  porje:  Add  the  word  "Scoring"  between  the  words  "Range"  anti 
"Syr.  tern". 

Page  J,  in  the  Title:  A.dd  the  word  "scoring"  between  the  words  "Range" 
and  “System" . 

Page  1,  paragraph  1.1:  In  line  4,  add  the  void  "Scoring"  between  the  words 
*  "P.'-r.;  c”  and  "Syrttm".  ,  _  ,  ■ 

Page  ?,  paragraph  3.2:  In  line  2,  add  the  word  "Scoring"  between  the  words 
"SU.i.ge"  and  ’System". 

Page  /.  paragraph  3.2.1;  In  line  4  and  line  6,  add  the  word  "Scoring" 
between  the  word:*  "Range"  am!  "System".  ,  .  r  .  , . 

Page  3,  p;ratrar|h  3.2.1(a):  Delete  the  weeds  "near  miss". 

Page  3,  paragraph  3.2:  Change  paragraph  identification  to  read  "3.2.2". 

P  age  3,  newly  ident  if  i-'d  3.2.7(a):  In  line  1,  arid  the  words  "Quantitatively 
expressed”  Delve. :n  the  vorus  "outline"  and  "which" 

Page  4,  newly  identified  paragraph  3.7.2:  Add  "(J)  Probability  of  an  actual 
hit  r.oc  being  detected  or  rccoided". 


4,  p.i ragrn;.li  3.2.3:  Delete  in  its  entirety  and  substitute  in  lieu 
"3.7  J  'r.-ounu  .sice  j .  ?h_*  b  technical  atrro.iM  h 7 s  byni 

A  -**i  •'  ■-  teu  .  -  ":io  IVctn  :  c-r,  j  Any  reach  v.iich  r-.-tt  sat  ir.fi.' a  the  re.-.viro.'-*nCf 
ci  ;  e  ^ r  n.  ji.ii  1  be  .*■.'■  sun  r  ed ,  .hi*.  jproacn  r.  ■;  »I1  be  b-e-'u  unou  the  best 

!  •  c.u  ">•  (  w.  .n  a  ;  !  f’.Tc.rs  capsid,  re-j  ii  a.-  * her  preretu  :  i :  t.e  .  The 
s;u..v  r«*;.. -r;  n..  !l  ir.i  ic.ue  vhv  other  xr-pro.teiios  are  not  rocor.-yienued  ana 
why  t  be  p.-pc-e  1  approach  war.  selected.  ” 
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4,  j  b  3.2.3:  In  J.i r.o  3,  add  the  word  "Scoring"  between  the 

word "JUnge"  and  "Systcn". 

P<\V  4,  paragraph  3.2.4:  In  liir:  f»,  add  the  word  "Scoring"  between  the 
won!:,  "Kmi;  e"  f.nJ  "Systeui". 

fr-j'  A,  pm  ,!{.rr'.h  3.  3:  In  line  7,  innnrt  the  words  "that  satisfies  the 
ice  iv«*.  ••.,.!  n  cf  /.KCil  70-30  >  .10  its  a  lx  prerequisites  and  is"  between  the 
wrr.ir.  "apoii"  and  "in". 

Pr.p  5,  pni.i  graph  6.1:  In  line  4,  add  the  word  "Scoring"  between  the  vordt. 
"p.'i..  ,e"  ard  "System". 
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le?ahsme:!T  cf  tkz  a rh  approve)  email  devslchcst  rscuihbc:® 

(SDR)  FOR  Alf  AiCED  AIRCRAFT  CUALIFICATICIl  SAXU  SKSZX 

1.  Purpose  and  Operational  Characteristics:  A  requirement  exists  for 
a  range  system  which  will  permit  the  recording  of  hits  on  ground  targets  at 
a  central  location  remote  from  a  firing  area  used  by  U3  Army  armed  aircraft. 
This  system  will  be  used  in  the  training  oi'  aircraft  crews,  maintaining 
proficiency  of  trained  crews,  and  associated  applications.  As  the  projectiles 
used  in  the  training  and  proficiency  roles  will  be  primarily  of  en  inert 
nature,  a  means  for  scoring  near  misses  will  be  required  in  order  to  determine 
adjustments  needed  to  improve  accuracy. 

a.  (Essential)  Targets  used  must  realistically  represent  personnel, 
combat  and  tactical  vehicles  and  crew-served  ground  weapons  appropriate  to 
the  terrain  and  environment  in  which  installed. 

b.  (Essential)  The  system  oust  be  adaptable  to  the  simulation  of 
various  field  tactical  situations. 

e.  (Essential)  Targets,  hit  count  measurement  and  transmission 
devices  and  a  hit  count  and  register  central  display  unit  must  be  included 
as  a  part  of  the  system. 

d.  (Essential)  All  components  of  the  range  system  must  be  portable 
In  nature  and  eaaily  assembled  and  disassembled. 

e.  (Essential)  The  range  system  must  be  capable  of  operation 
through  an  area  2X0  meters  in  width  and  £COO  meters  in  length,  down  to  a 
minimum  of  1*00  meters  in  width  and  2500  meters  in  length. 

f.  (Essential)  The  range  system  must  be  capable  of  day  ar.d  night 
operations  under  intermediate  climatic  conditions  as  outlined  in  Change  1, 

AR  705-15.  Kits  will  be  provided,  if  required,  for  use  in  cold,  hot-dry 
climates.  .  .  ..  r .f  "s  >  '■  «•*  '• 

c  c  ■  c 

g.  (Essential)  The  range  system  must  acquire  end  record  scoring 
(hit  and  near  miss)  data  on  the  following  armament  subsystems: 


(1) 

(Z3sential) 

7.62  nachineguna. 

(2) 

(Essential) 

50  caliber  machineguns. 

(3) 

(Essential) 

Rockets  and  missiles  (2.75  to  6") 

(*) 

(Essential) 

bCmm  grenade  launchers. 

(5) 

(Essential) 

2 Cmn  and  2Ct=a  automatic  gun. 

h.  (Essential)  The  system  must  be  capable  of  scoring  a  single 
machine  gin  or  multiple  machine runs  with  rates  of  fire  up  to  6X0  spm  cn  a 
single  firirg  run  a.*.  1  ccmbi nations  of  those  subsystems  outlined  in  g  above, 
on  consecutive,  but  separate  firing  runs. 
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i.  (Desired)  The  system  must  he  capable  of  recording  the  combin¬ 
ations  of  the  differenct  weapons  outlined  in  g  above  in  a  single  firing  run. 

J.  (Essential)  The  system  nust  be  capable  of  recording  the 
distances  of  ther  iertiinal*  projectile  positions  from  the  target  centers  up 
to  r.il33  distances  of  30  r.eters  (recording  of  the  oxiuuths  and  elevations 
desired  if  development  time  and  cost  is  not  excessive).  Miss  distance 
recordings  of  0  to  15  .r.eters  nust  be  within  ±2  percent  accuracy;  for  distances 
between  15  and  30  no tors,  accuracy  v.nzt  be  within  ±10  percent.  If  the 
desired  azimuth  and  elevation  recording  i3  not  achieved,  target  hits  will 
be  scored  for  small  targets  only  and  zone  scoring  is  not  achieved,  target 
hits  will  be  scored  for  snail  targets  only  and  zone  scoring  will  be  used 
for  all  targets. 

k.  (Essential)  The  range  system  must  be  capable  of  collecting 

and  recording  data  from  each  individual  target  and  up  to  a  minimum  of  six 
targets  simultaneously.  — 

o 

l.  (Desired)  The  range  system  must  be  capable  of  collecting  and 
recording  data  simultaneously  from  ten  targets. 

m.  (Essential)  Targets  and  any  associated  instrumentation  nust: 

(1)  Be  easy  to  install  with  little  or  no  site  preparation. 

(2)  Be  portable  by  medium  helicopter  sling  load  to  facilitate 
rearrangement  of  target  arrays. 

°°  (3)  Be  realistic  in  appearance. 

(U)  Simple  to  repair  and  capable  of  individual  component  of 
module  replacement. 

.  c  o  (5).  Require  minimum  maintenance  as  outlined  in  paragraph  5*  ;  c‘Vs. 

(6)  Require  no  excessive  calibration  prior  to  operation. 

(7)  The  hit  count  and  register  central  display  unit  mu3t  have 
a  self-contained  lighting  capability  for  effective  night  operations. 

n.  (Essential)  The  system  must  be  capable  of  storage  and  transit 
under  the  conditions  outlined  in  XR  705-15  (i.e.,  Amy  aircraft). 

o.  (Essential)  The  system  must  be  adaptable  to  various  types  of 
terrain,  i.e.,  desert,  mountain,  and  jungle  (see  para  2f). 

p.  (Desire’)  The  system  mJ3t  be  capable  of  prolonged  periods  of 
inactivity  while  extnc.-i  to  the  local  environmental  climate  (not  to  exceed 
30  i*y3),  without  requiring  extensive  preparation  prior  to  activation. 

q.  (Ecaer.tial)  The  command  /control  system  nust  be  adaptable  to 
the  electrical  power  available  in  CCl'JO  and  overseas  or  be  capable  of  oper¬ 
ation  utilizing  standard  U3  Army  generators. 
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r.  (Essential)  If  batteries  are  used  as  power  source  for  target 
arrays,  they  oust  be  capable  of  24-hour  operation  prior  to  recharge. 

s.  (Essential)  The  range  system  must  be  simple  to  establish, 
operate,  and  require  a  minimum  or  organizational  maintenance  (see  para  5.) 

t.  (Essential)  The  system  should  have  an  expansion  capability  so 
as  to  accommodate  future  developed  aerial  weapons  and  platforms,  e.g.. 

Advanced  Aerial  Fire  Support  S/stem. 

u.  (Essential)  The  hit  count  and  register  central  display  unit 
should  be  capable  of  being  mounted  in  the  back  of  a  standard  US  Army  3/4-ton 
vehicle  or  3/4-ton  trailer  (1/4-ton  truck  or  1/4-ton  trailer  desired). 

v.  (Essential)  The  system  will  have  a  minimum  acceptable  mean-time 
between  failure  of  twenty  hours  under  relatively  heavy  usage  conditions. 

2.  Supporting  Justification  and  Data! 

a.  Reasons  for  Requirement : 

(1)  As  the  helicopter  is  employed  as  an  acrl&l  platform  for  a 
variety  of  weapons  systems,  a  formal  program  for  the  initial  training  and/or 
qualification  of  armed  aircraft  crev3  is  required.  Training  programs  rust 
develop  and  maintain  skills  in  target  acquisition;  identification,  neutrali¬ 
zation,  and  destruction.  This  new  equipment  will  greatly  reduce  the  time 

now  required  to  train  individual  aviators  in  air-to-ground  gunnery  techniques. 
Substantial  savings  will  result  in  ammunition  expended,  helicopter  flight 
tine  reduced  and  overall  student  training  efficiency  increased. 

(2)  Current  ranges  used  for  this  helicotper  gunnery  trai  ring 
utilize  old  ground-to-ground  scoring  techniques  which  require  that  scoring 
be  accomplished  by  a  "shoot  and  count  holes"  procedure  or  in-flight 
observation.  The  former  is  time-consuming  and  requires  the  range  to  be 
closed  while  personnel  are  in  the  firing  areas;  the  latter  scoring  method 

is  inaccurate  as  it  provides  only  general  hit  or  mis3  data.  There  is  present¬ 
ly  no  means  to  count  and  locate  relative  to  the  target  those  projectiles 
which  are  near  misses.  This  information  is  necessary  in  order  to  properly 
assess  the  effectiveness  of  the  fire.  Overall,  the  present  type  of  scoring 
operation  is  inefficient,  time  consuri'-g,  and  expensive.  The  training  time 
lost,  to  Include  the  down-time  of  the  ).  'dcopter,  is  excessive  «nl  wasteful. 

The  new  proposed  range  system  will  eiimii.ate  all  of  these  disadvantages  now 
found  in  current  range  scoring  training  programs  of  instruction. 

(3)  A  range  system  is  required  by  US  Arry  Aviation  School  and 
other  ccmaniJ  with  amid  aircraft  which  will  have  the  capability  of  accurately 
detecting  target  hits  ar.d  near  adsses  and  displaying  these  data  at  a  central 
location.  These  ran -e  systems  will  he  authorised  in  Tepartnent  of  the  Army 
Tables  cf  Allowance  (ja  23)  of  Arry  Aviation  Training  Centers  ia  Continental 
United  States  ar.d  overseas,  and  will  be  utilized  in  the  trainirg  of  Arty 
armed  aircraft  crews  in  order  to: 
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(a)  Provide  for  a  more  efficient  utilization  of  personnel 
end  aircraft  involved. 

‘  (b)  Expedite  and  improve  the  quality  of  initial  crew 
training  in  armed  aircraft.  v  ■  o  °  .  •  ,  *  ..  .. 

(c)  Improve  the  method  of  analyzing  the  armed  aircraft 
crew  proficiency  (annual  qualification). 

(d)  Improve  all  current  scoring  methods. 

(e)  Improve  current  range  operating  efficiency. 

(U)  Maintenance  Concept.  Organizational  maintenance  personnel 
should  be  able  to  accomplish  the  majority  of  the  maintenance  of  this  system 
on  site.  Ouch  organizational  maintenance  should  be  restricted  to  minor, 
readily  accomplished  repairs,  so  that  it  will  not  interfere  with  the  training 
program.  Mechanisms  requiring  repair  beyond  the  sccpe  of  organizational 
maintenance  should  be  removed  on  site  and  evacuated  through  normal  mainten¬ 
ance  channels  to  the  appropriate  Direct,  General  or  Deport  maintenance 
facility.  It  i s  expected  that  a  minimal  training  program  for  organizational 
maintenance  personnel  cn  the  electronics  portion  of  this  device  will  be 
required.  Maintenance  functions  will  be  accomplished  by  military  personnel 
of  M03  scries ; 3fl*  (Electronic  Instrument  Repairman)  or  equi valent  IA  civilian 
personnel.  The  maintenance  required  (all  categories)  for  the  Range  System 
will  not  exceed  one  hour  for  each  ten  hours  of  training  under  normal  circum¬ 
stances.  Gna jhour  of  maintenance  for  twenty  hours  of  training  is  desired. 
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A \ ■. ...  1,  s.  ior,  *>:  1  * r »- r f- < 1 1 1 j  «. i  us . 

M.  Suggr-s- io:*.'.  for  Present!?..;  Fvidcnce  of  Th  e  re.-, Cii  si  to 
Aren  .j  i  i  sh;  .■'!■>  , 

I-  P  J  il’ •  Tiiir.  rvn.lat  ion  sot;-  foith  rcqul  r**i »  nt  s  that  mist  bo  mot 
prioi  -  »*.«:■■  -i  ttinr  a  r<*  to  I'.S.  Army  Material  Coi-mar  d  (AMO  for 

..ppi'ov  >  1  to  fentot  a  protect  into  er.,;i r.eeri ng  or  operational  systems  dove lopmeTit . 

°  *=  /»  «,  Cr  *  ct;  -  =**  *'  o  ‘Ac  S  ,  f  °c  .  C=%5  g*  «.  Sv  •  t.  V 

,  J.  V  '  <=  t  '  =  ‘  ‘  '  ■-  ‘  c  Ci  ’  **  <■  . 

1  i .  xo.v  .  .  r  :  r<t'jnti#n  a:  pi :  •>$  to: 

*  °  ■“  .  «  o  •  .  c  °  = 

a.  itC;-;. ,  AMC;  AM 'i  r.-.A'.-r  suhftrcl : :  :J  t  •  c  ~  *.  nd  '*  t  pro  !  vet 

it  -  n-.  ye  •  ■  :  end  srpa:  s'*  irst  •  i  Uf.oss  ot.d  activi  tie.-,  r*  porting  dirictlv  to 
l.e.i  3i,i  ..*  r  :  <•  r  Si ,  pe;  tv  rm  re;  n-a  ipli  and  dev*  1  o  ■ .  .  ■  p  *  tone  t  i  <*.  ■• . 
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,.\sl,,'.  --.  fie  vi  1  * ,;iit,*"i [  , 
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b .-  hf- 1  d  i.jttets,  AMC,  need  rot  be  u-.sdc  for: 
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I-’  '»  d'  o*J  !c  u.  ,'-i  (  a.-n!  for  Wi.icn  ’he  hr  !:  ir.  tine:,  suvni  ttc-fi  to  Headquarters, 
(,r.  fo.-  , ;  ,.r„.-a  l . 
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port  i  iii,  c  .  u  •  ■ ; .  t  ■)  . 
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SMALL  D  VFLCPltVr  PFlUIRMEST  FOR  AS 

apm-s  A:.-.jrofTr  rascs  $cc..\i:zi  sy-TB! 


The  firat  tts>  to  he  accc 


.ti.e' 


’p.  this  concept  Fcrrr.alation  Study  for 


an  Arsed  Aircraft  c  califlea.ior.  r;r.£e  Scaring  SyoU-n  1c  the  corpletlon  of 
a  review  and  analyslr  of  the  pa  rtir.cr.t  frail  Esvelop-r.rr.t  Requirement  (SDR). 
(.  »fer  to  Tas.<  f  '1  Opcrt  ;,o.  973,  17  September  l$o*.)  To  ir.iti'te 
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1:  -vcis  r.“ 
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nyesv 
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tr«j  Jf.R.  This  rer^lts  In  arriving 


envelop; 3  In  the  19-9-197;  era,  the  scoring  3ynten  perforaar.es  criteria  car. 
be  iefir.-i. 

So  the*.  *-  e  aft-?-cir‘  coned  ctcpansorr.  :v/t  :•■  -.ore  readily  1  i-.-atified,  each 
j&ragr. of  ••  a;trj/*d  1 4  ill  .«-v4l  :-.e  ••ar*~..»r.t  for  an  Am-,  i  Aircraft 

Cv.alifi  ration  S.-nre  fc-rtr:  It  :e;ro;y.  1  r-ere  ao  it  appears  in  the 

S7R.  Following  eacr.  t’.rirrt:'  ir  «  clarification  and  e.rcar.slcr.  of  that 
para-pr*?' ,  «.  -r  .-  ns  fr  tn-  <- -..-.fr-r-jr. :»s  ar.i  11  r.r..38l6r.« 

co ntuclei  vlfh  r  ■  *p;,-.v.  1  .e  r:  preccr-ati vc 3  of  aerial  gunnery 

training  fa  111  tics  a.-.r  or-saizotc  j.-.s  m  t.-.c  U.J.  Ar-y. 

Clarify!.- .;  para  -ra; .  a  art-  identified  >7  errioarre  vi-tln  vertical  bare  on 
•itber  si  i«  of  t.-.e  p.~e. 


1.  .•'nmea* 
a  /  •  •  -  • 

t  -  -.tr*'.  . .* 

'f  !  3  e  .  •'  1  . 

<■•  * 

••J-i  *.r.  •  e 
re  ,  a 


'-^r  r  :  ermi  -  ere-t-r* sale  j  :  A  re-ulre-.tr.t  exiJts  for 
.  ...  '  •.  .  r-  ...  *r  .•  .r :  ttr-etj  et 

-  *  •-  a  ..r  -  *:•  1  •  ".  :.  ;.r*v  tr  ’i  aircraft. 

•  •  •  -g  '  . -a:'  -r 

.  ir...  ..  ,%3  tro  -c tiles 


rtflc 1 


•ar  -  .  '■ 


•-  1  >■  -  >rlly  cf  an  inert 

1  te  reu  ir.  order  to  ictemin: 


ai*  .str.e.t*. a  ■:»:  •  <■>  .  •  ;rc,»  accv ri  7. 
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1.  I'.  •  <•  «:  *.  *  ?  •  \\  C'xV  nrlerlr.t  r':  ?h  >  ;  ••r:v,a»  j 

of  t..e  A  "■  Mr  rii,:  u  ■'»  .  float-1  c-  gar,  f  >;orl rg».  :yt.tt*» 

1*  to  }  n  prnc’i'ul  :  '->.-»*»  by  vni^h  prc,le.ctlle«eff**ct 

data  o;vn  It  •.  .■icrt-.l;.  ;  an .  fr.o  v.iich  IV.lv'  ..  ml, 

aircrew  v.  lr.tlo:  -  :nit  training  at/itui  cun  Mo  ■  bjurtively 
nscca:.*-  1  u  1  ‘v<*lc p.  1.  VU.:  ta  o *-g’ c i o  i  to  r<*c  ilt  In  or. 
lr:ci*e;s««i  in  ov  Tall  tmiu'.iv;  eiYioier.cy  and  effect  Ivoutaa. 

Such  a  requiro-.cnt  'demands  a  flooring  syste-a  Vo  utilized  in 
conjunction  with  ar.-  .d  aircraft  gunnery  training.  The 
•coring  r.yat“:i  will  provide  a  remote  real-time  di  cp lay  of 
projectile  "nit"  data  and/or  projectile  "mice"  data  relative 
.  to  tho  ground  target (h),  or. a  will  jonslt  recording  of  ruch 
data  at  a  location  remote  fren  tho  target  or  weapons  range  j 

area.  The  ry&t*»a  will  be  uoed  in  the  training  of  individ-  j 

ual  p!3ot/fli.:::.er  and  door  gunner  personnel,  ar.4  in  tho 
training  of  nmol  aircraft  uni-s  ai.d  c:cvj  thereof,  both 
in  qualification  trn  1  r.  I rg  end  tea  tin.?,  a:.d  in  annual  pro¬ 
ficiency  tenting.  Tho  storing  oyaten  cm  bo  capable  of 
functioning  with  botn  explosive  ar.d  Inert  ordnance  of  types 
ami  nizea  currently  being  utilized,  or  projected  for 
utilization  In  the  V/Jj-Y/J*)  tir.efrara. 

a.  (yasentinl)  Targets  rust  r«:.ili«Mcally  re  pro  at  at  personnel,  c  och  *  t 
and  tactical  vehicles  ar.i  crev-cerved  ground  weapons  appropriate  to  the 
terrain  or.  1  environ. rent  in  which  in3tallcd. 

I 

a.  It  lr.  essential  that  rcnliatic,  representative  tactical  1 
targets  be  employed  during  those  p.-.aaes  of  unit  training  I 
which  incorporate  gunnery  ter  tics  (i.e.  -  target  acquisition, j 
target  Identification,  gunehip  in.creaa  and  egress  routes,  I 
ordnnnco  selection,  da page  aosesc-.cnt,  etc.).  For  Individual) 
j  basic  gunnery  (  "sari .-.nnship")  qualification  phases  of  train-  i 
|  irg,  hov-vor,  simple  and  readily  diacernible  airing  points  j 

|  are  desired  in  lieu  or  realistic  tactical  targets.  j 

b.  (laser. tial)  The  syste-  crust  be  adaptable  to  the  singulation  of 
various  field  tactical  situations. 

i  b.  The  sccrl :  ?  system  must  be  adaptable  both  to  a  simulated 
j  tactical  env irsnser.t  for  unit  tactical  training  ar.d  to  a 
I  basic  gunnery  "rax iczan snip"  training  environment. 

c.  (Zasential)  Targets,  r.it  count  measurement  and  trar.auiisaion  davice3 
ar.d  a  hit  count  ar.i  register  central  display  unit  sru3t  be  included  as  a  part 
of  the  system. 

j  e.  The  system  will  consist  of  the  •following  major 
components. 

-  Target  (tactical  turuts  and/or  simple  aiming  point 

targets,  depending  upon  training  application)  _  _  _ 
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-  Senior  ("hit"  sensors  and/or  "aiss"  3enaora) 

-  Data  Trans:  JLtter  ( /is  radio,  yiro,  etc.) 

-  Data  Receiver  (via  radio,  wire,  etc.) 

-  Scori.-g  Display 

-  Recorder  (manual  or  automatic) 

d.  (Essential)  All  components  of  the  range  system  will  be  portable 
In  nature  and  easily  assembled  and  disassembled. 

d.  It  io  essential  that  all  raj or  components  of  the 
scoring  j.ystca  be  portable  and  incorporate  sectional 
(targets)  and  rod 'alar  construction  methods. 

e.  (Easential)  The  range  system  mu3t  be  capable  of  operation  through 
an  area  2000  retcrs  in  width  and  60C0  cetera  in  length,  down  to  a  minimum  of 
1*00  cetera  in  width  and  2500  cetera  in  length. 

I  e.  It  is  essential  that  the  scoring  ays ten  be  capable  f 
I  of  operation  through  an  area  of  3^,000  cetera  in  width 
and  30,000  cetera  in  length  (tactical  unit  training) 
down  to  a  mini-run  area  of  1*00  meters  in  width  and  25CO 
meters  in  length  (individual  qualification) . 

Aircraft  performance,  weapons  r/stens  anl  type-training 
desired  are  considerations  which  influenced  the  deter¬ 
mination  of  optimum  range  size. 

f.  (Essential)  The  range  cy stem  must  be  capable  of  day  and  night 
operations  under  Intermediate  climatic  conditions  as  outlined  in  Change '1, 
Ah-705-15.  Kits  will  be  provided,  if  required,  for  use  in  cold-hot-dry 
cxima-es. 

g.  (Essential)  The  range  system  must  acquire  and  record  scoring  (hit 
and  near  miss)  data  on  the  folio-wing  armament  subsystems: 

(1)  (Easential)  7. 62mm  nachineguna. 

(2)  (Essential)  30  caliber  machineguns 

(3)  (Essential)  Rockets  and  missiles  (2.75  to  6") 

(h)  (Essential)  lOmra  grenade  launchers 

(3)  (Essential)  20mm  and  jCrm  sutcxtatlc  -pun. 

h.  (  :3.',en tial)  The  system  must  be  cn-able  of  scoring  a  single  machine- 
gun  or  multiple  rncr.ir.ogur.s  with  rates  of  fire  up  to  t-CCO  spo  on  a  single 
firing  run  and  co* .hi. nations  of  those  suhayetens  outlined  in  g.  above,  on 
consecutive,  but  separate  firing  rr.s. 
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1.  (Dcolred)  .  h ;  system  mist  ■  e  capable  of  recording  the  cce.binationa 
of  f-e  different  weapons  outlined  in  g.  above  in  a  circle  firing  run. 

(1)  The  ays  ter;  must  be  capable  of  scoring  inert  end  32 
ammunition  delivered  by  the  armament  subsystems  listed 
in  Paragraph  l.g.,  above. 

(2)  Each  scoring  system  oust  be  capable  of  sensing 
target  hits  and  near-mteccs  at  inpact  rates  not  less 
than  those  indicated  below  for  each  type  weapon: 


■  SIZE  TYPE  IMPACT 

RATES  (MAX) 

■  (ROtt^s/MIN) 

5.5<'~n  K*chine  gun  (MC)  24,000 

7.62 an  Machine  gun  (}C)  24,000 

12.6mm  Machine  gun  (MG)  6,000 

20mn  Automatic  cannon  (AC)  6,000 

30mm  Automatic  cunr.on  (AC)  6,000 

40raa  Grenade  launcher  (GL)  400 

2.75  in.  Folding-fin  aerial  rocket  (E7AR)  12  per  sec. 

5  inch  Aerial  rocket  (AR)  2  per  sec 

5  inch  Hire-guided  nisailo  (VGd)  2 


Cyclic  rate  of  fire  and  simultaner.-  multiple  weapons 
usage  are  the  primary  consideration  determining  system 
response. 

(3)  Per  ba.3ic  gunnery  ( "narks:- arshin")  qualification, 
the  system  rust  score  only  or.e  of  the  size/type  veapens 
!  listed  in  Paragraph  h./i.,  (3),  above,  cn  a  single 
firing  run.  The  system  must  provide  scoring  data  frun 
all  on-range  targets/aiming  points,  attacked  sequentially 
in  a  single  firing  run. 

(h)  yor  crew/fire  team/aviaticn  unit  tactical  gunnery 
training,  the  system  must  score  the  weapon  sine/type  mixes  i 
indicated  below,  and  must  be  c.epabla  of  providing  scoring  j 
d'ta  cm  at  least  two  tar -re  3  attached  s:~uitaneously  'ey  an  i 
aircraft  in  a  s.n;lc  firing  run.  (Tactical  gunnery  train-  ■ 
ing  will  rc-uire  scorirg  the  veapor.3  of  as  many  as  two  ! 
attack  airrraft,  each  firing  any  of  dee  veapon  mixes 
indicated  below,  simultaneously  again3t  a  single  target.)  j 
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*w..  v  OyC'U,\*i 


InPClMR 


Up  to  four 
or  four 


or  tvo 


or  tvo 


5  ,rjCm 

7.62T23 


Machine  Cun 
Machlc*  C”~ ,  M-13^ 


12.6m  (50  cal;  Machine  Gun 


Automatic  Cannon 


or  tvo 


Automatic  Cannon 


Up  to  four 


-  OR: 
5,56mm  MG* 


7.62nn  MC; 


2.75"  F7AS 


tvo 


12.6m  MG 


20tna  AC 


30m  AC 


*iOm  Grenade 


5"  Wire  Guided 
Missile 


6"  Wire  Guided 
Missile 


c  •  J.  (Eas'entiPiV  The  system  nest  he  capable  of  recording  the  distances 
od  terminal  pro.'-  r*"lle  position*  'ron  the  /yt  c''**"*  up  to  rJ.3s 
distances  of  20  meters  (recording  of  the  azimuths  ar.d  elevations  desired 
if  development  tins  ar.d  cost  is  net  excessive).  Kiss  distance  recordings 
of  0  to  15  meters  nus>,  he  vithin  c2  percent  accuracy;  for  distances  between 
15  and  30  neters,  ac'-urc—r  must  be  vithin  zlO  percent.  If  the  desired 
azimuth  and  elevation  recoruirg  is  r.oi  achieved,  target  hits  will  he  scored 
for  small  targets  only  and  zone  scoring  vill  be  used  for  all  targets. 

J.  (l)  'i.-.e  v-.ap0.n3  listed  in  Pare  graph  l.g.,  shore, 

can  he  classified  as  either  point  veapens  or  area 
■  vearor.s.  Only  the  5"  '-tire  guid'd  mistil?  (:i-22  sub¬ 
system)  ar.d  the  TOW  missile  are  classified  as  point 
:  veapor  s,  vith  tr.e  r-v -lining  viators  classified  as 

area  v  — o-.s.  it  is  desir’d  t..at  ar-s.  ->.u>po.ts  fire 
be  scored  in  teres  of  pro'ectile  ground  intact  vithin 
a  circ  :1jlt  horizontal  prone  cn  the  ground  centered  on 
the  terget.  It  is  desired  that  point  weapons  fire  be 
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Be ored  in  t»rj  of  a  projectile  hit,  c:<cludir.g  a 
ricochet  ’..it,  ci  t' :  r.  vsicai  coiifir.es  of  the-  target; 
further,  point  weapons  fire  nios-inforr.-ition  is 
desired  in  ter-rj  of  projectile  passage  through  an 
extended  vertical  target  plane  which  is  terminated  at 
the  ground,  tnl  thrc-r-i  a  horizontal  target  plane  lying 
oa  the  ground  between  the  veBpon  and  the  target  and 
terminating  at  the  target. 

(2)  It  is  essential  that  the  scoring  system 
furnish  vector  scoring  data  (i.e.  -  indicate  an  inter¬ 
section  of  a  projectile  trajectory  with  the  target 

or  a  nonphysical  extension  of  the  target,  and  provide 
a  measurement  of  the  direction  and  distance  from  cne 
point  of  aim  to  the  point  of  intersection).  This  is 
particularly  important  during  those  phases  of  gunnery 
training  when  inert  grenaae,  rocket  and/or  tiissilo 
•munition  is  utilised. 

(3)  Vector  scoro  (direction  and  distance  relative 
to  a  target/aining  point)  can  be  expressed  in  polar 
coordinates  (r  , -ft.)  within  the  scoring  planes  discussed 
in  Paragraph  l.j.  (l)  and  (2),  above.  Polar  coordinates 
provide  specific  Impact  location  information  relative  to 
a  reference  point  (target/aiming  point),  the  format  in 
which  this  information  is  presented  is  easily  interpreted 
and  understood;  direction  (-ft-)  and  distance  (  r  )  can 

be  expressed  as  falling  within  pre-defined  areas  or  zones. 

(4)  The  following  table  indicates  the  effective 
mica-distance  of  machine  gun,  automatic  cannon  and 
HE  rocket/r.issile  projectiles  (area  weapons).  It  is 
readily  apparent  that  effective  miss-distance  increases 
as  the  size  of  the  projectile  increases.  Thus  the  pre¬ 
defined  scoring  zones  frees  i.j.  (3),  above,  should  be 
remotely  adjustable,  during  the  basic  gunnery  qualification 
(marks- an ship)  training  phase  only,  if  a  score  of  effective 
fir**  Is  to  ba  furnished. 


SIZE 

TYPE 

ETFICTIVZ 

KIS3~DISTA:IC: 

test 

5.5 6m 

KG 

5 

7.62m 

MO 

5 

12.6m 

YD 

10 

20m 

AC 

10 

30m 

AC 

10 

UOm 

GL 

60 

20 

; ,  ,:-avtra  .  rr  -  -'--.‘'173-  3 


TYT’E 


e-tec:  iye 

Hiss-Drives 


2.75  in. 

(10  lb.  warhead) 


5  in. 


(5)  The  scoring  system  should  he  capable  of  scoring 
projectiles  impact!  :.g  at  radial  miss -distance a  of  up  to 
51*  meters  vithin  the  scoring  plane;  it  i3  essential  that 
projectiles  impacting  at  radial  niss-di stances  of  up  to 
15  cetera  be  scored  (2.75"  FFAK  -  10  lb.  warhead). 


(6)  The  scoring  system  must  sense  those  projectiles  j 
which  irpact  within  the  scoring  plane  to  an  accuracy  of  < 
95^  t  5  The  projectiles  sensed  oust  be  correctly  located  I 
within  the  ore-defined  distance/direction  (  r  )  zone(s) 
in  which  they  inpact,  to  an  accuracy  of  95*  ±  %•  These 
ecouracico  must  be  maintained  throughout  all  sensing/scoring 
exercises;  u\&  deviation  fro n  these  accuracy  requirements 
during  anv  single  firing  run/pasa  is  unacceptable. 


k.  (Essential)  The  range  system  must  be  capable  of  collecting  and 
recording  data  from  each  individual  target  and  up  to  a  minimum  of  six 
targets  simultaneously. 


1.  (Deslre  l)  The  range  system  must  ba  capable  of  collecting  and 
recording  data  simultaneously  from  ten  targets. 


k./l.  An  individual  scoring  system,  major  components 
of  which  are  listed  in  Paragraph  l.c.,  above,  oust  be 
capable  of  operating  in  conjunction  vith  a  minimum  of 
five  additional  scoring  r/stem.s  on  the  gunner/  range 
(six  systems,  total).  ca  some  tactical  unit  aerial 
gunnery  training  ranges,  it  may  be  desirable  to  emplace 
and  operate  up  to  ten  acori:jr  r/atems  on  the  range. 
Hcr.’ever,  at  r,o  time  will  more  than  two  targets  on  the 
ra-ge,  ar.l  their  associated  scoring  systems,  be  required 
to  sense  and  score  simultaneously . 


a.  (Essential)  Targets  and  any  associated  instxnzsentation  Bust: 


(1)  Be  ear/  to  install  vith  little  or  no  3ite  preparation. 


(2)  Be  portable  by  medium  helicopter  sling  load  to  facilitate 
rearrangement  of  target  arrays. 


(3)  Be  realistic  in  appearance. 


(¥)  Simple  to  repair  and  capable  of  individual  component  or 
"nbdule  .replacement . 


\  \ 
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(5)  Require  minimum  maintenance  aa  outlined  in  luragraph  5« 

(6)  Require  no  excessive  calibration  prior  to  operation. 

■  '  '«  ;  o  c-'.  „  '  .  ■  '  , 

(7)  The  hit  count  and  register  central  display  unit  mist  have 
a  self-contair.ed  lighting  capability  for  effective  night  operations. 

m.  It  is  essential  that: 

-  ainirg  points,  utilized  during  basic  aerial  gunnery 
(marksmanship)  qualification  training,  nust  be  simple, 
easily  discernible  tr.d  relatively  invulnerable  to 
catastrophic  damage  by  weapons  fire. 

1 

-  tactical  targets,  utilized  during  unit  (aircrew, 
fire-team,  etc.)  tactical  training,  rust  be  realistic  | 
representations  of  combat  targets,  providing  a  means 

of  acquieition/identification  through  all  attack 
azimuths  up  to  3oO-Jegreea.  Tactical  targets  must 
be  easy  to  emplace  on-range,  nust  be  portable  by 
utility  helicopter  to  facilitate  replacement  or 
rearrangement  of  target  locations. 

-  all  scoring  components,  including  targets/aiming 
points,  must  be  easy  to  install  with  little  or  r.o 
site  preparation,  nust  require  minimum  maintenance 
(a»  ou»liw<ru  iii  xWc.grn.pl:  U,  below),  require  little 
or  no  calibration  prior  to  operation  (should  operate 
without  calibration  for  at  least  125  hours  utiliza¬ 
tion).  A  means  must  be  provided  at  the  remote  central 
scorirg  center  to  alert  operator  personnel  to  system 
malfunction  and  to  identify  system  malfunction.  The 
scoring  display  unit  must  include  a  self-contained 
lighting  capability  for  effective  night  operations. 

n.  (Essential)  The  system  nust  be  capable  of  storage  and  transit  under 

the  conditions  outlined  in  AR  ^.e..  Amy  aircraft), 

o.  (Essential)  The  system  must  be  adaptable  to  various  types  of  terrain 
i.e.,  desert,  mountain,  and  jungle  (see  Paragraph  2,f.). 

p.  (Desired)  The  system  must  be  capable  of  prolonged  periods  of 
inactivity  while  exposed  to  the  local  environmental  climate  (not  to  exceed 
30  daya),  without  requireing  extensive  preparation  prior  to  activation. 

q.  (Essential)  The  command /control  system  must  be  adaptable  to  the 
electrical  power  d.oiluble  in  CGM’3  and  overseas  or  be  capable  of  operation 
utilizing  standard  U.S.  Amy  generators. 

r.  (Essential)  If  batteries  are  used  as  power  source  for  target 
arrays,  they  must  be  capable  of  24-hcrur  operation  prior  to  recnarge. 
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8.  (Essential)  The  r°rge  system  must  te  tlr.pie  to  establish,  operate, 
and  require  a  minimum  of  organizational  maintenance  (eee  Paragraph  5.)* 

t.  (Essential)  The  system  nhould  have  an  expansion  capability  so  as 
to  acccrv-odate  future  developed  aerial  weapons  and  platforms,  e.g..  Advanced 
Aerial  Fire  Support  system. 

t.  (1)  The  rysten  auat  provide  a  scoring  capability  which  I 
will  support  Individual  qualification  training  and  unit 
tactical  training  in  the  Model  AH-56A  (Advanced  Aerial  Fire 
Support  System).  To  effectively  score  weapons  systems  of 
the  AH-5cA,  or.i  to  incorporate  into  gunnery  training  the  full 
capability  of  these  weapons  systems,  it  is  essential  that 
the  scoring  system  be  capable  of  operation  at  variable  attack 
azimuths  through  380-degrees. 

(2)  The  scoring  data  receiver/display  unit,  located  at! 
a  site  remote  from  the  target  range,  should  provide  a  means' 
to  interface  with  an  external  automatic  data  recorder.  This 
j  capability  permits  permanent  logging  of  student,  crew  and/or 
j  unit  gunnery  performance  data  and  subsequent  monitoring  or 
j  analyses  of  qualification  criteria. 

1  u.  (Essential)  The  hit  count  and  register  central  display  unit  should 
oc  capable  of  being  mounted  in  the  bnck  of  a  standard  U.S.  Army  3A-tcnl 
vehicle  or  3/4-ton  trailer  (l/4-ton  truck  or  l/4-ton  trailer  desired).  ! 

v.  (Essential)  The  system  will  have  a  minimum  acceptable  mean-tiie- 
between-failure  of  twenty  hours  under  relatively  heavy  usage  conditional 

I  v.  The  scoring  system,  not  including  targeta/ainlrg  points,  i 
I  must  provide  a  minimum  nean-tine-betveen-failure  (?!H3F)  of  j 
]  1200  hours,  and  a  maximum  r.ean-time-to-restore'  (’TTR)  of  30 

c  I  minutes.  The  hC3F  does  not  consider  corrponent  fiiluras 
caused  directly  by  weapons  fire  damage. 


2.  Supporting  Justification  and  Cats: 
a.  Reaeons  for  Requirement: 

(1)  As  the  helicopter  is  e-ployed  as  an  aerial  piatfora  for  a 
variety  of  veanons  systems,  a  formal  program  for  th.e  initial  traimi-g  and/or 
qualification  of  ar-cd  aircraft  crev3  is  required.  Training  programs  mus  t 
develop  and  maintain  skills  in  target  acquisition,  identification,  neutrali¬ 
zation,  and  destruction.  This  new  equipment  >rill  greatly  reduce  the  time 

now  required  to  train  individual  aviators  in  air-to- ground  gunnery  teehr.icues. 
Substantial  savings  vtll  result  in  e  —.uV  tier,  expended,  helieepter  flight 
time  reduced  and  overall  student  training  efficiency  increased. 

(2)  Current  ranges  used  for  this  helicopter  gunnery  training  utilize 
old  ground- to-ground  c;orLr.,-;  techniques  which  require  that  scoring  be 
accomplished  by  a  "cn.cot  and  count  holes"  procedure  or  in-flight  observation. 

The  for-er  Is  time-consuming  and  requires  the  ran*,e  to  be  closed  while  personnel 


**««« 
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nr  *  i;;  t/. 
only  ,-<T 

r  ~ )  t  L  V  r 

tiu.n  is 
Overall, 
ar.i  cxpcr 


:  firirz  nr-:at,;  the  latter  tcorirg  method  is  inaccurate  as  it  provide* 
;-ii  r.it  cr  :  :n  ;at«.  T..<rc  la  presently  r.o  means  to  ccurt  ar.i  locate 
•_o  the  t  those  proj^t lies  hich  arc  near  r.inser.  Thi3  ir.forv.a- 

’poasHry  in  order  to  properly  assess  the  effc-ctiveneas  of  the  fire, 
the  present  type  of  scoring  operation  is  inefficient,  tine  consuming, 
sive.  The  training  tine  lost,  to  include  the  down-time  of  the  heli¬ 


copter,  is  excessive 


wasteful. 


The  new  proposed  rar.ye  system  will  eliminate 


all  of  these  disadvantages  row  found  in  current  range  scoring  training  pregrrma 


of  instruction. 


(3)  A  range  ryctem  is  required  by  U.S.  Amy  Aviation  School  and 
other  cevvanda  with  armed  aircraft  which  will  have  the  capability  of  accurately 
detecting  target  hits  ar.i  near  misses  and  displaying  there  data  at  a  central 
location.  These  range  cystoma  will  be  authorised  in  Department  of  the  Amy 
Tables  o'  AUcvrnce  (DA  23)  of  Amy  Aviation  Training  Centers  in  Continental 
United  states  and  overseas,  and  will  be  utilized  in  the  training  of  Army  armed 
aircraft  crews  in  order  to: 


(a)  Provide  for  a  more  erficient  utilization  of  personnel  and 
aircraft  involved. 

(>>)  Tbepedite  and  improve  the  quality  of  initial  crew  training 
in  armed  aircraft. 

(c)  Improve  the  method  of  analyzing  the  armed  aircraft  crew 
proficiency  (annual  qualification) . 

(d)  Improve  all  current  scoring  methods. 

(e)  Irtprove  current  range  operating  efficiency. 

(U)  Maintenance  Concept.  Organizational  maintenance  personnel 
should  be  able  to  accomplish  the  majority  of  the  maintenance  of  this  system  - 
c:i  site.  Ouch  organizational  maintenance  should  be  restricted  to.  minor,  readily 
accomplished  repairs,  so  that  it  will  not  Interfere  with  the  training  program. 
Mechanisms  re-uiriry  repair  beyond  the  3ccpe  of  organizational  maintenance 
shcald  be  removed  on  site  ar.i  evacuated  through  r.omal  maintenance  channels  to 
the  appropriate  Direct,  General  or  Depot  maintenance  facility.  It  is  expected 
that  a  minimal  training  pro '■'ram  for  organizational  maintenance  personnel  on 
the  electronics  portion  of  this  device  vill  be  required.  Maintenance  functions 
will  be 'accomplished  by  military  personnel  of  KGS'  series  353  (Dlcctrcnic 
Instrument  Repairman)  or  equivalent  DA  civilian  personnel.  The  maintenance 
required  (all  categories)  for  the  Range  System  vill  not  exceed  one  hour  for 
each  ten  hours  of  training  under  normal  circumstances.  One  hot ir  of  maintenance 
for  twenty  r.ours  of  training  is  desired. 
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CCuHACT  2,*0:  ;£l339-<>9-C-O:i70-l 

SBR  AF.ALYSI3 

Range  Characteristics 
Scoring  Characteristics 
Data  r.isplay 
Data  Transniscion 
Training  Use 
Miscellaneous 


1. 

2. 

3. 

4. 

5. 

6. 
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FUNCTIONAL  AX n L  YblS 


IN  T  RO!  >U_CT/QN 


1 ,  1  liny,1  the  Task  2  Study  is  Organized 


The  functional  formulation  task  starts  with  a  statement 
defining  what  task  the:  range  scoring  system  is  expected  to  per¬ 
form  in  support  of  the  overall  Army  A  rmed  Aircraft  Military 
Mission.  Tills  becomes  the  statement  of  requirement  leading  to 
a  descripi  ion  of  the  operational  function  the  system  is  required 
to  perform.  A  system  description,  in  engineering  terms,  de¬ 
rived  from  system  function  will  be  prepared  (Tasks  3,  -1,  5,  6, 

r  ■  *  C  *  f 


and  7).  *f  f-a dr-off  ‘stftdl  cl  *  of  "off -thic-shelf  hardware"  wvill  be 


con¬ 


ducted  to  determine  how  well  a  selected  configuration  combination 
matches  i.he  needed  system  requirement.  Finally,  a  recommended 
best  tecimn.  A  approach  statement  will  be  prepared.  This  may 
include  a  .wmi rr. ended  program  for  a  hardware  development  if 
it  bceoos  aroa-ent  that  currently  available  equipment  will  not 


suit  ice. 
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Throughout  the  study  atte  ntion  wili  be  continually  directed 
toward:-  "  1 

•  Feasibility 

•  Mission  effectiveness 

•  Cost  of  ownership 

•  Cost  effectiveness 

•  Availability 

•  Reliability  and  maintenance 

* 

1.  2  Study  Rationale 

Provide  a  specific.-. ion  for  a  range  scoring  system  that 
most  closely  matches  the  requirement  in  all  respects.  Over- 
design  of  hardware  is  to  be  avoided  in  all  cases  to  preclude  pur¬ 
chase  o"  overpriced,  over-complicated  hardware.  Inadequate 
design  is  likewise  to  be  avoided  to  obviate  inadequate  performance. 


1.  2.  1  Background 

In  order  to  satisfy  the  foregoing,  u  was  first  neces¬ 
sary  to  establish,  what  task  the  range  scoring  system  is  ex- 
pec  .ed  to  perform  for  the  user.  The  SDR  analysis  has  beer, 
compli’ied  and  user  agencies  have  been  contacted  to  ascer¬ 
tain  the  training  requirements  by  training  phas...  Results 
of  this  combined  analysis,  starting  with  the  mission  (oojcc- 
tive  oi  r- r:i>ed  a.rcr.  it  gunnery  training  programs),  arc 
siamd  in  the  succeeding  paragraphs. 
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2.  MISSION  (OrUKt.'TIVK) 

c  '  c  •  -  ,  C  Cc'~. 

c  •  c  C  .  c  C  <C’  '  '  ^  C{  0  '  '  C'  r‘C  C  c"  c  C  ° 

U.  S.  Army  armed  aircraft  individual  familiarization  anil  qualifi¬ 
cation  training,  unit  qualification  and  tactical  training  using  simulated 
targets  arid  gunnery  scoring  methods. 

3.  FUNCTION 

When  the  mission  is  broken  down  into  first  level  functions,  two 
significant  categories  emerge:  (1)  individual  familiarization  and  qualifi 
.cation;  (2)  unit  qualification  and  tactical  training.  The  two  functions 
are  mutually  dependent. 

Figure  1  shows  the  overall  armed  aircraft  gunnery  training  mis- 

c  r  cc?  o  lo  e  co°>j  ,  e«  os  o  0  ‘  c’ 

0  C  •  c  t,  C  e 

sion  broken  down  into  training  functions. 

3.  1  Individual  Training  _  _ _ 


Figure  2  shows  the  individual  training  requirements  broken 


down  to  scoring  systems  functions. 
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r>9'C-0178-3  FIGUl’K  2 
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K:\vsw UKwr;-'  6<>c- o?7-B-? 

3.  I.  J  Familiari/ation 

Objective:  to  familiarize  the  individual  with  the 
airernit  ordnance  under  in-flight  conditions.  Both  day  and 
night  operation.-;  are  included.  The  student  iu  schooled  to 
get  the  "feel"  of  the  aircraft  and  its  armament  in  a  live 
ammunition  firing  situation.  Primary  grading  is  on  his 
performance  in  following  prescribed  operating  procedures, 
and  safety  criteria.  Equipment  malfunction  (both  simulated 
and  real)  is.  included,  and  hnprovision  techniques  arc  graded. 

An  aiming  point  is  provided;  however,  the  student  is 
not  expected  to  provide  accurate  fire  during  this  phase. 

3.  1.  1.  1  Method  of  Scoring 

Wt  concur  with  the  Training  Command's 
conclusion,  as  stated  in  Department  of  the  Army 
Publication  1  -'10,  that  the  instructor  pilot  scoring 
by  manual  notation  will  suffice  during  this  phase  of 
training. 

c 

3.  1.  2  Qualification 

'  c'  a  e 

Objective:  to  develop  the  student's  proficiency  in 
placing  accurate  fire  on  the  target.  Both  day  and  night  op¬ 
erations  are  included.  Primary  grading  should  be  on  his 
ordnance  delivery  proficiency  and  accuracy. 

~  '  3.  i.  2.  1  Method  of  Scoring  ‘ 

*■  c  r  t 

'  An  accurate  measure  of  qualification  level 

per  student  can  be  established  when  standards  are 
well  defined  and  tests  become  independent  of  indi¬ 
vidual  interpretation. 

Following  gunner}  familiarization  training 
and  starting  with  the  qualification  phase  for  Individual 
Training,  the  scoring  task  becomes  more  stringent, 
demand >g  precise  assessment  of  target  kill  potential. 
A  machine  scoring  system  is  essential  during  this 
phase  of  training  in  order  establish  a  uniform 
method  of  proficiency  rati  .g  not  open  to  indiv:du  .1 
interpretation. 
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3.  1.  2.  2  Targets 

A  most  important  criteria  is  establishment 
of  target  standardization.  .The  targets  provided  fork* 
individual  qualification  should  hi-  point  of  aim, 
semi-fixed,  multiple  target  complexes  on  a  typical 
firing  range.  Figures  3,  -i,  a.  and  6  describe  cir¬ 
cular  and  elliptical  fir  e  dispersion  patterns.  *  Ref¬ 
erence  Appendix  IV  for  target  dimensions  and  layout. 


3.  1.  2.  3  Armament  j 

j 

•  Rapid  fire  (G,  000  rounds  per-  minute) 
machine  guns  -  7.  62  mm,  5.  56  mm. 

•  50  caliber  machine  guns 

«  Rockets  and  missiles  (2.  75  to  6  in) 

•  40  mm  grenade  launcher 

•  20  mm  and  30  mm  automatic  guns 

Inert  rounds  as  well  as  UK  and  tracer  will 
..be,  employed  during  the  training  phase;  °  <r«  °  '  V 

All  ordnance  except  the  TOW  and  M-22 
(wire-guided)  missiles  arc  classified  as  "area 
weapons.  "  TOW  and  M-22  are  "point  of  impact  i 
.  weapons.  "  ..  j  'V  s  co.  .«<•„. .  •.  ‘ 

0  cc  ■  'tc  :  •  o  ‘  «  ‘  9  "  3  c  :  ■-  0  t  ! 

C  C  ;  ^  °  C 

3.  1.  2.  4  Scoring  ; 

The  scoring  system  sector  coverage  from  . 
the  target  forward  directior.  has  been  staled  as  being 
V  4 b°  in  azimuth  and  0'  to  SO*  vertical  elevation. 


Accuracy  of  projectile  or  burst  count  (for 
rapid  fire  weapons)  should  be  95u>  ±  5%. 


Cal c  ji  ■  tb re-;  for  elliptic;-,;  patterns  are  contained  in 
Appendix  I. 


Ill 
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Ovt  r,  short,  lt-f» ,  or  ri-ht  t<<  locrti'  mean 
point  of  impact  "misv  lor:"  'on  '  is  the  ccvroi'  t  re¬ 
quired  in  Hie  horizontal  pl..:ie  at  ground  lev  el  for 
area  weapons;  "l’oiiit"  ty.v  weapons  require  Hie 
same  coverage  in  the  vertical  plane.  Only  h:s 
within  tin  pre-defined  ta  -get  zone  trust  be  scored 
(counted).  Misses  in  "o\  er/short” -"left/ right" 
zones  need  not  be  scored.  (See  Appendix  IV.  ) 

3.  1.  2.  5  Scoring  Sensor(s) 

The  sensor(s)  installed  at  the  target  siV 
must  he  capable  of  responding  to  a  rate  of  fire 
6,000  rounds  per  minute.  The  rate  of  iiifonnation 
transmission  to  display  arid  recording  instruments 
can  be  as  low  as  a  rate  determined  by  dividing  iv.o 
times  the  shortest  burst  duration  a  gunner  is  able 
to  fire  (human. reaction  time)  into  a  unit  of  elapsed 
time;  i.  e.  ,  1  sec/0.  25  1  -1  per  sec. 

3.  1.  2.  G  Data  Transmission  and  Display 

Human  factors  engineering  studies  indicate 
the  faster.!  response  to  perform  this  function  is  in 
the  order  of  1  / -i  second.  Therefore,  the  informa¬ 
tion  data  rate  of  10  words  per  second  for  each  tar¬ 
get  will  stiffict.  (Sec  Appendix  II,  Scoring  Hate.  ) 

Scoring  and  miss  data  may  be  transmitted 
via  buried  hard-wire  cable  or  wireless  telemetry 
from  Targets  'to  display  units  in  'tuc  control  tower. 
Each  target  should  be  displayed  individually.  Ir  di-' 
vidual  target  data  need  to  be  transmitted  via  wire¬ 
less  telemetry  to  the  firing  aircraft  where  the  in¬ 
structor  pilot  can  select  rmd  display  the  tara -  v 
being  eng  tged,  if  it  is  within  the  capability  or  phys¬ 
ical  lim nations  of  the  aircraft.  Maximum  delay 
time  between  projectile  impact  and  display  is  250 
milliseconds  (as  requested  by  Training  Commands). 

3.  1.  2.  7  Recording 

Sorting  of  oren.-.n  >  by  type  and  bv  f 5  ring 
aircraft  for  interwovr  :i  .  :•  ra't  firwg  "urns  ( ...»  to 
four  airvaC  in  a  race  t..i  . pattern  :s  possible  on 
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e;i'  h  range)  must  arcomp  i.y  tin:  scot-inr  records. 
This  may  bo  accomplished  by  various  means  such 
as  a  voire  or  tone  index  that  identifies  firing  air¬ 
craft,  target  engaged,  run  number,  end  ordnance 
used.  ' 


Automatic  recording  of  scoring  data  is 
virtually  essential  due  to  the  large  \olumc  of  data 
to  be  handled  plus  the  need  for  precise  measurement 
of  student  gunnery  proficiency  during,  the  qualifica¬ 
tion  phase. 

3.  1.  2.  8  Po\ve_r 

Power  for  instrumentation  at  the  target 
site  may  be  supplied  via  underground  cable  along 
with  a  hard-wire  telemetry  cable.  (Note:  Training 
Commands  are  opposed  to  batteries.  ) 


3.  2  Unit  Training 

•  1  .  .  «S  0  *.  *  ‘  1  *.  ;  c  •  v  ,  •  U  •  *  *  °° 

Figure  7  shows  the  unit  training  requirements  broken  down 
to  scoring  systems  functions. 


Pit; it  Tact i c a  1  Training 


For  unit  tactical  training  the  basic  scoring  equip¬ 
ment  functional  and  performance  requirements  for  individual 
qualification  can  bo  used  if  additional  capabilities  are  added. 
These  arc: 


(1)  Increase  sensor  coverage  from  90’  azimuth 

to  3(10’.  (Provided  the  range  can  accommo¬ 
date  uncontrolled  approach  up  to  3G0;.  ) 
(Figures) 

( c)  Pro'  ide  v/ireles.-,  telemetry  from  target 

with  a  range  of  3",  000  :m  u  rs. 
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3.  2.  2  Unit  Qualification  and 
Multiple  Tea m  Fire 

Unit  qualification  and  multiple  unit  firing  does  not 
require  additional  scoring  capability  beyond  that  required 
in  Individual  Training. 


3*  3  Sequence  of  Occurrence  and 
Cor ;  opt uo  1  Flow  U in  gram 

e  '  6  <  '  0  ,  ,  t  1  •  C  ,  r  • 

Figure  0  describes  the  sequence  of  information  flow. 
Figures  10  and  11  show  samples  of  the  next  lower  level  flow  dia¬ 
gram  and  the  associated  data  rate.  .  y.  - 

4.  HFUAHU.ITY 


Reliability  is  of  paramour.:  importance  to  successful  employment 
of  any  Scoring  system.  If  confidence  in  reliable  performance  is  low. 
the  entire  gunnery  mission  will  suffer;  therefore,  reliability  becomes  a 
key  consideration  in  systems  cos:  effectiveness.  The  burden  of  any 
add.  i  e\;u  ns«-  ;  -  cur  :  ed  by  slowing  down  gunnery  training  duo  ti  poor 
reliability  mu-.;  be  charged  to  the  system. 
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SENSOR 


:  .7 ; :  • :::  60-0O17L-.1 


Heliahiiuy  of  the  candidate  equipment  will  be  analyzed  during 
Tank  4  to  »l<  t<  rmino  performance  conformity  to  MIL-STD  785.  A  fur¬ 


ther  requirement  requested  by  user  agencies' is  1200  hours  mean  time 
between  lailure  for  the  entire  system.  All  components  don  uranic, 

(in  the  vicinity  of  the  target),  must  provide  unattended  service,  includ¬ 
ing  vulnerability,  of  at  least  120  hours  range  operation  time. 


MA1NTA  T  XA 13ILITY 


Ideally,  a  system  should  require  no  maintenance;  however,  in 
real  systems  this  becomes  virtually  an  impossibility.  The  maintenance 
effort  required  must  bo  kept  as  low,  simple,  and  as  infrequent  as  pos¬ 
sible. 

Modular  construction  where  system  major  components  may  be 
replaced  quickly  and  easily  has  been  employed  successfully  in  many 
cam.  s.  Modul  i**  construction  is  included  as  part  of  the  scoring  systems 

,  '  :  ^ '  '  >  ’■«'  ‘  .  ,  •  t  A  r  {  -  c  ,  c  ‘  '■  •  '  c  *  ’ 

StJ  :‘y.  *  ‘  <  «■  c  c 

‘  '  *•  t 

A  maintsinaoilky  plan  should  accompany  the  system  during  the 
hard". arc  design  conceptual  phase. 


Upon  dt livery  and  installation  of  any  scoring  system,  a  mamtair.- 
abdify  dr:ru,'.-|:-i*;.:i.  -mould  be  rcqu’.red.  A  maintenance  t ruining  syila- 
hiii  sho-il  i  ils*. •  :»«•  '.ncluded  as  part  of  the  deliverable  end  produrr. 
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Maihtairvl.ility  of  tin-  candidate  equipment  will  bo  analyzed  during 
Ta.il,  4  to  don  rmine  adherence  to  MIL-STD-470  and  -471.  In  addition, 
tin  ,ij.  i  aj'i  i.i  ics  require  a  maximum  time  of  30  minutes  for  mainte- 
narme  or  repd  <  omcnt  of  all  dov/nrangc  equipment.  Level  of  skill  re- 

c  o 

quieed  to  maintain,  "trouble  shoot,"  and  replace  damaged  or  defective 
subsystems  j.-t  limited  to  standards  of  field  organizational  maintenance 
personnel.  Major  repairs  or  maintenance  will  be  accomplished  at  a 
gen*  ral  or  depot  maintenance  facility. 


6.  SCO  KINO  SYSTKM  "TR  AUK-OFF"  .. 
OF  1 1 J  :QT :  I  Itlf.VIEN  TS 


Figure  13  describes  the  system  functions  in  order  of  importance. 
Level  1  being  the  most  important.  The  most  important  functions  are 

.  <r  %  c  o  t  o  c  e  o  c  0  0  .  « 

c  c  c  e  ° 

to  sense  hits,  score  hits  versus  rounds  expended,  provide  an  aiming 
point,  and  to  display  these  data  at  the  range  central  control  station  and 
intthc^aircraft  fog  =the-  benefit0  of  the  InStructdr  pilot.* «  %  *«. 


The  next  most  important  function  is  to  provide  miss  distance  in¬ 
formation  bv  r  and  5  zones. 


Data  transform,  transmission  methods,  and  recording  for  post¬ 
operative  review  ar  e  considered  as  lower  level  since  these  parameters, 
although  important,  do  not  constitute  the  fundamental  function  of  range 


sro  r.:'.'/. 
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-C-01?8-l  KICIUUi:  12 

Scoring  System  Functions 
r  -  ;  '  Hierarchy  of  Iinporuuioe 
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APPENDIX  I 


PKOBT.EM  STATEMENT 


In  general,  ll  f(X,  Y)  represents  the  probabi] ity  density  for  r.ui 
dorr  ground  imparts  for  a  given  weapon  type,  and  if  f(X,  Y)  can  be 
transformed  into  the  probability  density  h(r,  <J>).  in  polar  c  oordinnt*  s, 
then  the  probability  of  an  impact  occurring  in  a  cir  cle  of  radius  r  ,  is 
given  by  the  expression 


In  a  true  exterior  ballistics  problem,  th<;  wt  apon  rarely  impacts 
with  ;hn  groe.v:  at  a  r,0  angle.  Therefore,  u  seems  reasonable  to  as- 

-  t  ■  c  c  .  . 

sume  that  the  distribution  abou*  the  expected  trajectory  may  be  ellipti¬ 
cal  normal,  v. here  the  pronebdity  density  is  j or.  by 


x  S' 


12* 


i  j  ;  Cy-c.-o:iv3-] 

lime,  M  js  measured  in  the-  junge  direction,  Y  in  the  def.lec  i  ion 

direct I* ami  -  u  »  0.  The  angle  of  impact,  0,  is  now  defined  by 

the  tnngciu  to  i :  1  c  trajectory  at  the  point  of  impact.  Furthermore, 

a  and  :>  .should  he  dependent  in  some  sense  upon  the  trajectory 

x  y 

length,  hut  independent  of  each  other. 

The  problem  then  becomes  one  of  mapping  the  probability  dens’ey 
f(X,  Y)  onto  the  ground  plane,  transforming  the  new  function  to  polar- 
coordinates,  and  then  integrating  over  circles  of  various  radii. 

PROBLEM  Si  >1  .UTION 

The  ground  impact  probability  density  is  obtained  by  letting 

X  -  u  sin  9 

and  (3) 

Y  *  v  . 
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u  is  seen  th;i<  i(u,  v)  is  ;m  elliptical  normal  i)ii;tril)ulK>n  in  u  and 

,  C  :  ;  - 

v  with 


c ^  *  (o  / sin  0 

and  u  x  (5) 

2  2 
0  =  r: 

v  y 


'i'l > '■  "‘rial  transformation  to  poiar  coordinates. 


r  sin  <>  -  v/o 

a  nd  v  ( G ) 

r  eos£  -  u/~ 

u 


yields  the  resulting  probability  distribution  of  impacts  on  the  ground  as 

h(r.*>  =  c‘r2/2  .  .  (7) 

It  is  desir  ed  to  integrate  the  function  'h(r,$>)  over  circles  of  van  - 

'  l  s’  r  t 

ous  radii  and  for  selected  values  of  k  =  '  /■*  .  The  detailed  numerical 

y  x 

integration  procedures  appear  in  another  paper.  Reference  B  AAR  INC 
Hit  Probabilities  in  the  Klliplical  Normal  Case  Consider:!*?  Angle  of 
Impact,  Part  If:  1  hcoretical  Consideration.- ,  '  report  to  U.  5,  Navai 
We  apons  Laboratory,  Dahlgrea,  Virginia,  June  I  r; 3 . 
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APPENDIX  II 


1 .  L-J  >1LC’ '.SCOniNG  KATE 

Maximum  scoring  rate  may  be  limited  to  the  human  factor  reac¬ 
tion  time  of  the  runner.  A  gunner  under  the  most  favorable  environ¬ 
ment  with  fast  reflexes  cannot  be  expected  to  react  (fire  the  weapon  in 
the  .shortest  hurst  possible)  faster  than  approximately  l/4  second. 
Therefore;  for  rapid  fire  weapons  (greater  than  500  rpm)  single  pro¬ 
jectile  Scoring  may  not  be  required.  (Example:  6000  rpm,  1/4  second 

,  ,  0000  X.  25  .  . .  r .  ct  r  n  *  n  i\ 

burst  - - -  -  or  2a  shells  fired;  I  240  rpm].  ) 

oU 

Statistically,  the  probabOity  of  hit  (S/'S)  for  95  percent  confidence 
lev*  A  is  %  4  :.  If  four  gunners  are  firing  at  a  single  target  during  unit 

c  '  '  e  c  t  ,  ’  ,  .  '  -  '  .  •  -  c;  c  '  '  „•  -  .  c/ 

training,  cacli  at  an  individual  rate  of  240  rounds/minute  (rpm),  then: 

4  x  240  /  .  44  -  522.  4  hits/minute  . 

Scoring  count  accuracy  *  95'5,  ~  5%. 

-  5  74  rpm  maximum  rate.  (100-.-.  105  or  =  110^  for 
.hu  •  yy 

vtorsi  *.■..;*.  ) 
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■An  ai-!.;!  i-..r-y  maximum  ‘.scoring  rate  per  target  of  POO  per  minute 
viUi  a  fo  mi  a n-ii  rue;,  of  O.V.'-i  5';#  may  suflice,  jnwided  an  individual 

round  history  in.  not  required  at  the  display  site. 
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1 ,  i  )iS(  1 

FI  .  ;i  . 


'■«  >\  «  v>  I  MASTl.T  CTiYr: 

\.a : ft  ai;i:a 


lining  hypo: m  Aral  mod* -1  for  purposes  r.-dab1  isbing  dowiirango 


equipment  (targets  and  seiiuorn  ole.  ),  maximum  destructive  fire  over  a 
J  20  -hour  range  operating  time  at  eight  hrs/day  is  as  follows: 


(1)  Staled  survivabilil v  :  120  hours  unattended  performance. 

(2)  l'ro< ii cted  1  .trgej.  hits  arc  based  or.  me  performance 
envelope  of  the  .Advanced  Aerial  Fire  Support  System 

•  (AAFSS).  t  .  .  . 

(3)  Other  considerations: 

(a)  Four  (-1)  aircraft  firing  in  racetrack  pattern 

(b)  Two  flights  eacli  per  day  for  five  days 

-  .  (r)  Dviration  of  each  flight  -  airborne  for  three  hours 

(d)  Firing  run  lime  -  1-1/2  hours  per  flight 
Time  per  lap  -  10  minutes 

Six  (6)  targets  per  range  (two  point  plus  four  area). 

(4)  AAFSS  armament  total  maximum  rounds  per  flight  and  two 
flights  per  day  in  two  different  configurations  (same 

airc  raft). 
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A  nnameni 

Rounds  Total 

Area 

7.  G2  mm 

11,  570 

A  rea 

30  mm 

2,  010 

FlirVr  Invc 

1  D‘  —  r.\  (assumed) 

Weapon  Type 

Armament 

Rounds  Total 

Area 

30  mm 

2,  010 

Area 

.  40  mm 

,  1 

780 

1 

Area 

2.  75 

152 

[ 

Point 

Tow  and 

SSI  i 

j  2 

Totai  Rounds  Carried  -  Five  (.~>)  Days  of  1  'light 


•;  'Weapon  Tvrje  '  -  .  c  ’  , '  -  « 

«  Art  a  '  11,  570  '  v"  • 

2,  010 
2,  010 
/80 
_ 1_52 

1  G,  522  x  5  =  82,  760  total  rounds 

fired  per 
week  per 
aircraft 

Point  2  x  5  =  10  to’ al  rounds  fired  per 

week  per  aircraft 


136 


-te 

°  G 

:;.wt  _c 

,  "/..V-ylY?- 

t 

)hL;.:  <■  (  ) 

>  •  •  • ,  .  1  »  . 

.•  Tii  u: 

'  c-  fc  -  cc  *  >c 

"c.cv 

o.t  o  o  S  «  . 

\  Cc'-  V  ,©, 

i  *  ! 

1  20  i 

i- airs  tm  i] 

v  «-  -  =  -•  2  V.  (  i 

•  .<  :•  nays/ v.  ecu 

'Pond  Ihi 

.uni,;/  X 

limiicr  of  ' 

< 'arrets 

y.  < 

J 

Vksi 

Area 

82,  780 
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Point 
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By  provi 
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gets  for  poin: 

■  1 2-1,  1  40  hiis  ( i  2 0  h rs) 
=  42  hits  (120  hrs) 


should  he  pn. . . : i j >1  <_  to  enhance  target  survivability. 


Following  this  argument  to  its  logical  conclusion  sugg<  sts  that 
some  measure  of  ordnance  sorting  is  automatic  sir.ee  ore  type  target 
is  uned  for  "point"  weapons,  “th*"  project"  bs  all  being  §::persbnicpand, : 
another  type  target  is  usea  tor  ’area"  weapons  consisting  of  both  super 
son : e  and  subsonic  projectiles. 


*  For  purposes  of  estimating,  a  50  percent  hit  probability  for  ail 
area  wc-ipor.-  rounds  ed  :s  assumed.  Actual  experience  sug¬ 
gests  a  hit  probabilitv  of  Less  than  10  p-v  cent;  however,  this  cart 
be  ope't'j  to  in  prove  through  the  use  cf  me  rhino- Scor.ag  sys¬ 
tem.-.  m  _•  .urt.-ty  train!. .g.  A  TO  percent  i.Lt  probability  is  assume 
for  p  >ir.i  '.it  '-pons. 

**  Assumes  uniform  density  owr  the  entire  target  area. 
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A»;PKNI)IX.IV  if  ^  c,  ,c=o„  _.cc 

I Jl: ',( -u fir, K ) S  Ol '  V  I : I ;TICA Tj  AN! )  HORIZONTAL 
‘  TARGKl'zON'K  DIMENSIONS 

1 .  JjOINT  VV J -A PO\ S  7 ONE  UIM1-JNSIONS 

The  solution  of  vertical  target  zone  size  is  relatively  simple. 

A  circular  target  area  comprising  the  cone  of  fire  circular  normal 
dispersion  is  usually  considered  a  target  "hit"  zone.  All  rounds  passing 
within  an  impact  area  have  to  he  sensed  and  scored. 

Rounds  whirl)  pass  the  target  at  any  greater  radial  distance  are 
classified  as  mioses.  Since  target  criteria  for  direction  of  miss  is 
limned  to  "over"  "under,  "  "left"  or  "right,  "  it  is  o>ily  necessary  to 
provide  instrumentation  that  will  sense  the  miss  in  quadrants.  The 

C.  r  C  T  ,  r  -  -  C  c  -  g  0C  c 

target  zone  may  he  arbi  trarily  reduced  in  size'and  shaped  to  conform 
to  a  realistic  silhouette  for  some  phases  of  training. 

Probably  the  best  solution  for  Individual  Training  would  be  to 
restrict  the  radial  distance  (starting  at  target  center)  to  some  arbitrary 
valu<-  which  approximately  duplicates  a  realistic  target  size. 

For  Unit  Training  on  "point"  weapons,  the  most  desirable  solu¬ 
tion  would  be  :<»  construct  the  "hit  zone'  in  the  same  configuration  as 
real  target.-;  (m.nks,  vehicles,  etc.  ).  Any  departure  will  result  in 
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establishing  tm.  unrealistic  target;  i.  c. ,  either  runnels  that  would  nor¬ 
mally  he  hits  .wo  ilc!  be  classified  us  misses,  or  rounds  that  are  actually 
nriist.es  would  he  counted  as  hits.  The  degree  of  discrepancy  depends 
on  the  relationship  of  real  target  geometrical  boundaries  deviation 
from  a  circle. 

2.  A  UKA  WEAPONS  ZONE  DIMENSION'S 

The  horizontal  target  zone  for  area  weapons  is  a  difficult  problem 
Since  the  shape  is  elliptical  due  to  the  plane  change  from  circular  cone 
of  fire  to  horizontal  impact  zone.  The  width  and  length  of  the  elliptical 
"beaten  zone"  arc  both  variables,  depending  principally  on  gun-lo- 
target  range,  aback  angle,  and  stability  of  too  firing  platform. 

Three  solutions  are  possible: 

f  ~  ,  -  r  -  .  c  ,  C  r  ■  . 

‘  (1)  Construct  «n  elliptical  target  at  giuunu  level  to  sense  and  ‘ 

count  impacts within  the  target  geometry;  or 

{?.)  Use  an  offset  vertical  circular  sensing  zone  system  and 
count  the  rrunds  passing  through  this  zone  area;  or 

(3)  Chose  on  arbitrary  shape  similar  to  the  unit  training  . 
realistic  targets,  modified  for  ease  of  installation,  re¬ 
placement,  etc. 

The  problem  of  providing  a  continuously  changing  target  beaten 
zone  is  very  complex,  requiring  equipment  sophistication  well  be\ond 
that  needed  for  gunnery  train'd,?.  ^ 

»• 


u  led,  .-  if!!  .s'- 
eqn ipj i. s*  ,,  a 

c 


cm! •  •  r  ;  lx hvi  •  • 


dej-i\  <■('  or 


hi  be  onn-l.r’f  ti:e  maximum  radial  miss  distunri 
liv-Ly  limits  minus  the  "hit"  >:(>nc  radius  from  ta.rect 
,  uimIj  sis  of  Hi  -  purpose  sud  use  of  the  informal ior 
:.c.r"  suggests  that  "miss"  scusiu;;  by  quadrant  instead 


or  clorl.  pi >s i t ,  \ .- i !  1  sufiieo. 


The  miss  zonr  sector  becomes  four  pi*-* shaped  wedgvs  i a  decrees 
viuiy  . •  t ru  t < r ..t  tin  exterior  limit:;  of  the  bii  zone. 


<:0\:('Lh.Slf)\ 


Km-  in(li\  idii.it  t raini up,  separation  of  point  and  area,  weapons 
lai'-yts  into  I'.o  separau- lai  '-;e..s  would  be  the  simplest  solution;  all 
oUk  considerations  being  equal. 

For  un:t  training,  a  natural  separation  does  occur,  because  orri- 
■  c  is  s.--l  1  f  ■"  tayaet  tyqc.  {Kxurr.pj »»:  Vt-'.ieles- a-pefnt  weapons 

afi  .  i.ts-i—»“ti  ecu  weapons.  )  '  <■ 

■.  e  c  e 

o 

tii<M  T.ir.-s  O*.  .ra.iiu  -  _I;:diy -dual  Train  her 

{IP  zone  -  circular  .'rbit-ary  size  approximates  "real" 

target  ;  plus  miss  -using  in  four  ipu’dr  r-ms. 
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A  rea  Wi  iMjoij  Turgot  l.iin.ensions  -.Iptlivkhinl  Training 

Hit  zone  -  circular  or  some  other  arbitrary  shape.  Dimen 
sion  ciiOL.cn  on  the  basis  of  convenience  of  targe*  erection,  etc. 

Miss  zone  -  sectored:  Four  quadrants  ("over,  short,  left, 
or  right"). 

Horjynnlid  Turret  Dimensions  -  Unit  Training 
Same  as  Individual  Training.  .. 
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E\-2  MATHIAL  U220.3-M 

Standorlitetioa  Policies,  Procedures  &  Instructions 
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Automatic  Miss  Distance  Indicator  for  Tanks 
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ST  1-100-1  .  .  ,  „ . 

'  Reference  Data  for  Amy  Aviation  in  the  Field  Amy 
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FM  17-36 

Divisional  Amoved  and  Air  Cavalry  Units 
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TM9-6920-210-14 

Targets,  Target  Material,  and  Training  Course  Layouts 
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Special  Army  Training  Test  1-111  (TOE  1-111?) 

BA-20 

TOE  1-111T  (Program) 

Special  Army  Training  Program  1-111  (?C£  1-111T) 

BA-21 

FM  1-40 

Attack  Helicopter  Gunnery  (illustraf ons) 

BA-22 

FM  1-40 

Attack  Helicopter  Gunnery  (Text)  Vol’nae  1  of  2 

BA-23 

FM  1-40 

Attack  Helicopter  Gunnery  (Text)  Volume  2  of  2 

BA-24 

AD  465  673 

Propagation  of  Sound  in  Air-A  Bibliography  vith  Abstracts 

BA-25 

Gunnery  Instructor  Pilot  Handbook 

BA-26  ? 

67-289-40.  .  0  ...  ,s  Scc.6..-  =  c  .*  ..  . 

UH-1  IP  Gunner/  Qualification  Course 
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BA-27 

9-68 

Program  of  Instruction  for  OH-58  Transition/Gunnery  IP 
Qualification  Course 

EA-28 

4-68  2C-F15 

Program  of  Instruction  for  AH- 13  (Huey  Cobra)  Pilot 
Trar.sition/Gunnery  Course 

BA-29 

5-68  20-714 

Program  of  Instruction  for  AH-1G  (Huey  Cobra)  Instructor 
Pilot  (Trar.sition/Gunnery)  Qualification  Course 

BA-30 

J-69  2C-71? 

Program  of  Instruction  for  UH-1  Pilot  Transition  Course 
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EA-31  7-68  600-67:<20 

Program  of  Instruction  for  UK-1  Repair  Course 

EA-32  2-69  2C-F9 

Program  of  Instruction  for  (wire  Guided  Missile)  M2 2 
Gunnery  Qualification  Course 

BA-33  1-69  2C-lS8l-S/2C-C623-B 

P-f'-riwi  of  instruction  for  Offieer/Warrant  Officer  Rotary 
Wire  Aviator  Course 

BA-34  2-69  2C-1931-D/2C-C62B-D 

program  of  Instruction  for  Officer/warrant  Officer  Rotary 
Wing  Qualification  Course  (Active  Army) 

BA-35  3-69  2C-1981-a/2C-C6?B-A 

Program  of  Instruction  for  Officer/'., ’arrant  Officer  Rotary 
Wing  Qualification  Course  (Reserve  Ctnponent/Allied) 

1 

BA-36  2-69  2C-F3 

Pro- ran  of  Instruction  for  UK-1  (Iroquois)  Instructor  Pilot 
(Transitior./Gunnery)  Qualification  Course 

BA-37  12-68  2C-F13 

OH-6  Trcnsition/Gunnery  IP  Qualification  Course 

BA-38  LOH-I? 

Gunnery  Qualification  Course 

Flight  Cyllabus  &  Standardization  Guide 

BA-39  3.160,415 

Strafing  Target  Using  Schlieren  Effect 

EA-40  3,147,335  ,  . 

Optical  Miss-Distance  Indicator  •  ' 

BA-41  3,201,791  ‘  ‘  “ 

Eear  Hiss-Distance  Scoring  System  Using  Doppler  Effect 
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technical  analtsis 


0? 

electronic  scoring  sictem,  kobelQoob 

BABCOCK  ELECTRONICS  CORPORATION 

This  Electromagnetic  Puloe-Doppler  Scoring  Syatea  vaa  designed  primarily 
for  use  with  airborne  targets  and  has  been  produced  for  the  U.S.  Array 
and  Air  Force,  Although  the  scoring  principles  used  in  this  system  could 
jatisfy  a  number  of  the  functional  requirements  of  the  Armed  Aircraft 
Qualification  Range  Scoring  system,  limitations  in  the  following  areas 
have  been  defined: 

8coring  Radius:  Limited  to  50  feet 

Accuracy:  Adequata  only  with  large  caliber  weapons 

Two  square  feet  radar  cross  section  or  more 

Caliber/Type  Weapon:  No  capability  with  5*56  or  7.6?na 

Vector:  No  vector  information  provided 

Data  Display:  No  real-time  hit,  mles  and  vector  data 
displayed 

Kalfunction/Daaage  Alarm:  None 


See  Worksheet  "A" 
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.  .  '  •«*••••  .  ; ‘  FERSONBEL  TARGET  SCORING  SYSTEM  '  « 

BABCOCK  ELECTRONICS  CORPORATION 

This  system  which  Is  under  development  for  the  U.S.  Army  is  designed  to 
sense  misses  of  projectiles  from  flechette  to  40ma  in  size  and  the 
point -of- Impact  for  40mm  grendades  surrounding  a  personnel  type  target. 
Application  of  this  system  to  the  functional  requirements  of  tho  Armed 
Aircraft  Qualification  Range  Scoring  System  leaves  deficiencies  in  the 
following  general  areas: 

Scoring  Radius:  Limited  to  20  meters 

Accuracy:  unstated  (developmental  system) 

Caliber/Type  Weapons:  Limited  to  projectiles  5.56  to  UOmm 

Data  Display:  No  real  tine  display  of  hit-miss  or  vector 

data 

Vector:  No  vector  data  provided 
Malfunction/Damage  Alarm;  None 


See  Worksheet  "A" 
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TECHNICAL  SUMMARY 

THF  -8HBLT M  9COR1NO  SYSTEMS  ^  0  ‘  =  ' 

P  OtJALTFTCATTON  RANGE  SCORING  SYSTEMS 
(WORK  SHEET) 


REQUIRED 


.  c  c  ■  s  '  ,  NAVTRAD EVCHN  69-C-OI78-I 

TECHNICAL  ANALYSIS 
OF 

MISS  DISTANCE  ACOUSTIC  DETECTOR 
SFENA  MODEL  MAE  12B 

This  acoustic  (amplitude)  system  vas  designed  primarily  for  use  with 
aerial  targets  and  has  been  in  use  by  the  French  Air  Force  and  Artsy 
for  several  years.  The  principles  of  operation  and  scoring  methods 
used  are  adaptable  to  the  Armed  Aircraft  Qualification  Range  Scoring 
System  but  in  many  regards  are  not  compatible  with  its  functional 
requirements.  The  major  diversions  are  as  follows 1 

Scoring  Rate:  Not  stated 

Scoring  Radius:  Limited  to  4.5  meters 

Accuracy:  Not  stated’ 

Callber/rype  Weapon:  Used  vith  50  caliber  and  30oa  only 

(super-sonic) 

Vector:  No  vector  information  provided 

Number  of  Targets  per  System:  Limited  to  1  target  per 

system 

Simultaneous  Multiple  Type  Weapons:  Limited  to  1  type 

of  veapon 


See  Worksheet  "B" 
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RADAR  SCORING  SYSTEM,  MODEL  RA SCORE  AP.  * 

SANDERS  ASSOCIATES,  INC. 

This  electromagnetic  scoring  system  was  designed  for  use  with  a  single 
personnel  type  target.  It  is  baaed  on  the  pulsed  doppler  radar  principle, 
amplitude  intensity.  This  system's  characteristics,  when  applied  to  the 
functional  requirements  of  the  Armed  Aircraft  Qualification  Range  Scoring 
System  are  Inconsistent  in  many  respects.  Major  inconsistencies  are  as 
follows : 


Scoring  Radius:  Limited  to  U  meters 

Caliber/Type  Weapons:  Limited  to  5.56mm  to  50  caliber 

Zone/Vector:  No  vector  data  provided 

Horizontal/vertical  Plane:  Half  hemisphere  only  each  plane 
Data  Display:  No  special  display  for  real  tine  readout 
Approach  Azimuth:  0  -  180* 

Malfunction/ramage  Alarm:  None 

<«.  6  •.  t  o  o  0  o  .  c  o  c 

WB7:  100  hours 


8ee  Worksheet  "B" 
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RADAR  SCORING  SYSTEM  MODEL  RASCQRE-S 
SANDERS  ASSOCIATES,  INC. 

This  electromagnetic  scoring  system  is  designed  for  air-to-ground  strafing 
use.  It  is  baaedon  the  pulsed  dopplcr  radar  principle,  amplitude  intensity. 
When  applied  to  the  functional  requirements  of  the  Arced  Aircraft  Qualifi¬ 
cation  Range  Scoring  System,  seme  significant  diversions  are  observed  and 
follow: 

Scoring  Radius:  Limited  to  20  feet 
Caliber/Type  Weapons:  7.62mm  to  UOma  only 
Zone/Vector:  Single  Zone/no  vector 

Vertical/Horizontal  plane:  Vertical  only  (point  weapons) 

Ammo  Characteristics:  Inert  only 
Data  Trans  Range:  1  mile 
Dive  Angle:  Limited  to  between  5*  and  15* 

Approach  Azimuth:  15*  -  0*  -  15* 

Vulnerability:  Due  to  bulk  of  sensing  hardware,  down  range 
equipment  must  be  protected. 

t  „  Malfunction/Damage  Alarm:  None 
See  Worksheet  *B" 
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RADAR  SCORE*}  SYSTEM,  MQD^v.  -“ESORE-M  t 
SANDERS  ASSOCIATES,  HJC.  v 

This  electromagnetic  ecorirg  sy3ten  was  designed  for  use  in  either  an 
air-to-air  or  a  ground-to-air  application.  It  gives  continuous  miss 
distance  scale  data  and  is  based  on  the  pulsed  depplcr  correlation 
radar  principle  using  pseuio-randcm  coded  phase  reversal  modulation 
techniques.  Primary  intended  use  is  with  missiles  having  a  reasonably 
large  radar  cross  section.  The  characteristics  of  this  system  when 
correlated  with  the  functional  requirements  of  the  Armed  Aircraft 
Qualification  Range  Scoring  system  reveals  that  some  essential  qualities 
are  lacking,  namely: 

Scoring  Rate:  Approximately  860  RPM 

Caliber/iype  Weapon:  Only  missiles  with  2  square  feet  radar 

reflectivity 

Zone /Vector:  No  zone,  no  vector  data 

Malfuneti on/Demage  Alarm:  None 

MTB7:  100  hours 


See  Worksheet  "B" 
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FUNCTIONAL  REQUIREMENT 


SYSTEM  MANUFACTURER 


TYPE 


STOIA  (France) 


Sanders  (USA) 


Acoustic 


(Amplitude ) 


Electronag- 
'  netlc 

l(iseja8) 

Pulsed  Dopp 
IV  1QP1 
X-Band 


Electromag¬ 

netic 

(Amplitude 

intensity) 


I 


Pulsed  Dopp 

_ 8  ns 

L-Baad  j 


MODEL 


"Off- 

the- 

Shelf" 


STATUS 


sKfcjiA  t  Production 
MAE  12  bT 

*#  1 

- L 


INot  stated  2.8-4. 5M 


Rascore  S  Production 


ler 


TECHNICAL  SUMMAR! 
"OFF-THE-SHELF"  SCORING 
ARMED  AIRCRAFT  QUALIFICATION  RAIN 
(WORK  SHEET) 


24,000  RFW 


o-5  v 


9*  4  3i 


RATE 


RADIUS 


not  stated 


20,000  RIM  20  Ft. 


ACCURACY 


±  12' 


Ragggre-AF>  Production! 


r 

i 


20,000  RIMj  2  &  4*|c  j  ±.£M 


er 


t 

*  -4  ■ 


:t - 


Electromag- 
!  netlc 
•  Pulsed 
[ 

10ns 

L-Band 

Amplitude 

Intensity 


Rascore-M  Production^®"1*- r  °-^5  Ft 

Miss  Distance 


4  -  -  -- 


Scaler 


;  ±2.5'ell,5, 
±5*  8115- 
-  275’ " 


I 

h 


Pria^rily  Air-to-Air  and/or  Qround-to-Air. 
Used  primarily  w/personnel  type  target. 


HNTCAL  SUMMARY 

*F.L?"  SPRING  SYSTEMS 
IFICATION  RANGE  3CORIW3  SYI7T fcX 

JORK  SHEET)  s.56ma  _ 

I  j  7.52mm'  'lijftmaJ 

!  pOcal  2.75" 

I  o>-  *  -s<{  POmm  tow 


RAVTRADEVCEH  69-C-0178-1 


ACCURACT 


ot  stated 


Zone 

A 

Vertical 

St 

Horizontal 

HE-Inert 

Sub-sonic 

Super-sonic 

Up 

to 

2 

Yes 

'■  Vector 

. Plane 

c  .  . 

'o 

3CORIHC 


ber/ttW  zone/vecto 


■ 


AREA 


50  cal  I  $  Zone 

\fi  mat  ; 

1  Sphere 

i 

Radio  - 
Radio  or 
Wire  - 


DA 


RAN SMI  SSI  0 


7.62  to  ;  x  2(Jne 
40  n  ! 


Vartieal 


Super  & 
Sub-aonlc 


Coax  Cable 
or 

fm/pm  tm 


5«56limi  to 
56  cal 


Healxpbere  *  Sub  &  Super f 
aonlc  round* 


stated 


iS^'eirj'  1 

♦5’  @115-  1  Miaailee 

^  |w/2  aq.ft 
[  Radar  Re- 
!  fleet  at 


Worksheet  "B” 
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TECHNICAL  SUFMAJ 
.  "OFF-THE-SHELF’’  SCORINi 
ARMED  AIRCRAFT  QUALIFICATION  RA 
(WORK  SHEET) 
te  A 


intermediate) ARMY  A/C 
Climatic  i  ?'u  T  Trur 
1/U  T  True 


FUNCTIONAL  REQUIREMENT 


1710-1;1SO 
-  MHv 


<0,000M 


Hit,  Mias 
>c  Vector 


Yea 


Zone 


SYSTEM  MANUFACTURER 


FREQUENCY 

RAND 


DATA 

TRAN.'MTSSIOH 
RANGE 


DATA 

DISPLAY 


DATA 

RECORDING 

CAPABILITY 


ENVIRON-  PORTABILITY 
MENTAL 
CHARACTER- 

r.-  ianw«-j| 


SFENA  (France) 


150-l6r;MH?. 


65  miles 


2  Decade 
, Count er_  * 


No 


Not  stated 


I 


Transport¬ 
able- 


Sanders  (USA) 


Not  stated 
TRIG 


1  mile 


U  digit 


I 


. *  I  — 


Yes 


Not  stated  :  Fixed 


e winter  ; paper  tape 


Army 

Ground 

System 

Specification 


I 


•Not  steted 


4 _ 


Mag  tape  l 
E’ec  counted  Yes 
TM  linki 


Notatated 

Army 

Ground 


Fixed 


r‘  +  •- 

I 


....  _v 


System 

Specification 


t 


Mag  tape  or' 


1  Not  stated  !  Not  stated  ?M/FM/PCM  Yea 


•  ,**3  !  serial 

indicator  !paralIel 


Not  stated  Transport- 

*  _  .  able 

•  MIL-E- 5^00 


lights 


i 


analog 


/ 


Used  primarily  v/personnel  type  target. 


1 


TECHNICAL  SUMMARY 

S>  3JELF  " '  SCORING  SY3T  FX3 


UAIJ 

FICATJON  RANGE  SCORING  SYSTEM 

3RK  SHEET) 

1 

s1200  Hr a. 

Aiming  Pt 

4  3-D 
Tactical 

0°  t q;P0' 

N- 

L 

ER- 
St:  J 

ted 

"1 

1 

PORTABILITY 

MTBF 

TARGET 

TYPE 

DIVE 

ANGLE 

Transport- 
1  able- 

Not  stated 

•  •  —  i 

Airborne  j 

,  ..JDKBrt.’.., 

"l 

-11.  J '  jmtr 

Airborne 

j 

. } . 

ed  ;  Fixed  j 

I 

;  1300  i  Panel 

1  \  ' 

5  to  15* 

:  (Bulla  Eye) 


* 


:ation 


1 

d  -  Fixed 

100 

T°-  •  •'*  ■  • 

^Personnel  .0  -  90° 

i 

i 

tion  .  v  ^  v 

•  c 

^  c 

c  o  ec..c  * 

‘  H>  .  '  4  & 

r 

*■  .  o  Cc 

f  {  '  ,  n  tc  ^  °  0  p 

. 

i 

ed  Transport- 

««  *  0t)le 

00 

100 

j 

Drone  All 

aerial 
(  targets 

J _ J ...  j 

APPROACH 

AZIMUTH 


■  Minimum. 

Minimum  , 

Minimum  , 

VULNER- 

BILITY 

TARGET 

SITE 

EQUIP.  WT. 

DISPLAY 

SITE 

EQUIP.  WT. 

! mitter  & 

! Antenna  mus 
"Tie  protecte 


15*-0*-15*  -Muat  be  j  33# 
i bunkered  I 


Not  stated 


TECKTICAL  SUM 
"OFF-TIT- 3HZLF"  SCOR 
ARMED  AIRCRAFT 


ECSWICAL  SUMMARY  '  ,  ,  c 

-'3HSLR":  SCORING  SYSTEMS  '  ■  .'V=  '  ,•  \  i~  «  o,  c,  •  .•  NAVTRADBVCER  69-C-0178-1  « 


Worksheet  "B" 


( Cont * d ) 
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’  •  '  '  1UWRADWC2I  69-C-0178-1 
TECHNICAL  ANALYSIS 
c.  ,  0? 

-ACOUSTIC  &  VIBRATION  SCORING  STSTE4  DA-2 
DEL  MAR  ENGINEERING  LABORATORIES 

This  scoring  ay a ten  va a  designed  to  collect  both  hit  and  miss  distance 
data  fron  personnel  type  targets  vhen  fired  on  vith  small  arms  (5*5^ari» 
7.6?ma  and  flcchette)  and  to  collect  zones  miss  data  vhen  fired  on  by 
UOma  grenades. 

Scoring  Rate:  12,000  RTM-Hit,  6000  RPM-Misa,  500  RIM-Grenade 

Scoring  Radius:  0-2  meters 

Caliber/Type  Weapon:  Snail  arms  &  UOmm  Grenade 

Transmission  Range;  10,000  feet 

Data  Display:  Computer  inputs 

KTET:  500  hours 

Attack  Azimuth;  Hit  count  panel;  0*  -  60* 

All  others:  3&>* 

Malfhnction/Danage  Alarm:  None 

,  See. Worksheet  "C"  c  .  . 
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c  "  .  \  NAVTRADiyOIN  69-C-0178-1 

TECHNICAL  AHAXTSIS 
OF 

I 

;  .  •  •••  ’  f  °  °  ACOUSTIC  SCORES  SYSTEM*  MODEL  DA-3/F 

DEL  MAR  EKGINEERIKO  LABORATORIES 

This  acoustic  (amplitude)  scoring  system  Is  in  vide  use  by  U.S.  Navy 
and  Air  Force  as  an  air-to-ground  strafing/gunnexy  trainer.  When 
comparing  the  operational  characteristics  of  this  system  to  the 
functional  requirements  of  the  Armed  Aircraft  Qualification  Range  Scoring 
System,  the  following  inadequacies  have  been  noted: 

Scoring  Rate:  Presently  limited  to  10,000  RFM 


Scoring  Radius:  Presently  limited  to  15  meters 

Zone /Vector:  No  multiple,  zone  -  no  vector  data 

lfo.  of  Targets  per  System:  Limited  to  1  f/airaultaneous 

=  scoring 


Simultaneous  Multiple  Type  Weapons: 
^tTBP:  700  hours 

j  •  c,  .  c  c 

Data  Recording:  No  provisions  for 


See  Worksheet  "C" 


One  caliber/type  at 
a  tine 


HAVTRADSVC23  69-C-OI7S-I 


TECHNICAL  ANALYSIS 


ACOUSTIC  SCORira  systim,  model  da-3/e 
DEL  MAR  ENGINEERING  LABORATORIES 

This  fixed  acoustic  (amplitude)  scoring  system  is  in  use  at  helicopter 
gunnery  training  schools  of  the  U.S.  Amy.  A  comparison  of  the  operational 
characteristics  of  this  system  with  the  functional  requirements  of  the 
Armed  Aircraft  Qualification  Range  Scoring  System  reveals  that  it  meets 
all  requirements  except  the  following: 

Scoring  Rate:  Up  to  6,000  RPM 

Transmission  Range:  Up  to  10,0OCM  (wire) 

Data  Display:  No  rector  . 

MTBP:  700  hours 

Zone/vector :  Partial  vector  (Combination  of  2  or  more 

tensors) 


See  Worksheet  "C" 
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0  ‘NNTBNiarCEX  69-0-0178-1 

‘  •*'  '  'technical  analysis  °  h  °  .  " s  •* :  0  /-* 

0? 

c„„  ,  .  ACOUSTIC  SCORED  SYSTEM,  MODEL  DA-3/A 

DEL  MAR  EJGE  JEERING  IABORATORIES 

This  acoustic  (amplitude)  scoring  system  U3ed  by  the  U.S.  Amy  for 
weapons  system  evaluation  and  possible  training  mission  application. 
It  was  designed  primarily  for  air-to-ground  (helicopter)  gunnery 
scorings.  When  co:.r&rin3  the  operating  characteristics  of  this 
system  with  the  functional  requirements  of  the  Armed  Aircraft 
Qualification  Range  Scoring  System,  limitations  have  been  defined  in 
the  following  areas: 

Scoring  Rate:  6,000  RIM 

Zone  &  Vector:  No  vector,  information  data 

Simultaneous  Multi-Weapon:  One  type  anno  at  a  time 

MTBF:  700  hours 

Malfuncticn/Damage  Alarm:  None 


See  Worksheet  "C" 
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FUNCTIONAL  REQUIREMENT 


SYSTEM  MANUFACTURER 


"Off- 

the- 

Shelf" 


TECHNICAL  SUf*W 
"OFT-THE- SHELF"  SCORIA 
ARMED  AIRCRAFT  PC 


2k, OOO  RIM  0-5UM 


i  Pre- 

!  production 

« 

i 

6,000  RPM 

3-250  ft.  ) 
(5-zone)  £ 

i 

< 

DA-2  Production 

Personnel  ; 
12,0^  RIM  •  p^el  | 

■  6,000  rw  4  Zane*  of ! 

. '  Ml..  H1M.0-2,  [ 

r  *-  -  '  '  i 

:  ’ 

. . t"-  — ; 

_ . _  _ _ 

-  1  - . 

t 

1 

300  RIM 

» 

1  Zone 

5  Meters 

»  ...  i 

>  95% 


*  Hat  cable  and/or  senior  fault  detection. 


! 


'  Hit  Panel  UBlted  by 

a.At«?.§. _ ial/2jn«t«4-  .  .  , 

Radial  PUn«i”cre®ent'  J  Computer 
0-2  meters  inpat 
T  *  ~  radii  1  "J"  typical 

j  .  •  3  -  5  meter*  iflo  '  =  ' 

horizontal  ~ ! 
for  grenade* 


>90* 


UOam  HE 
Grenade a 


1  Zone 


Worksheet  C 

17lfl72 


a— 


FUNCTIONAL  REQUIREMENT 

• 

1710  - 
1850  MHz 

SYSTEM  MANUFACTURER 

FREQUENCY 

BAND 

Del  Mar  Engineering 

1710  -  1850 

l  MHz 

TECHNICAL  SUM 
"OFF-THE- SHELF "  SCORU 
ARMED  AIRCRAFT  QUAJJ FI CATI ON 


30,000m 


Hit,  Ml«a 
& 

Vector 


DATA 

DISPTAT 


ARMY  A/C  , 

3A  T  Truck 
l/U  T  Trucki 


Laboratories  (USA) 


5  miles  lira 


2  **tta)  .  5-3  digit  i 

5  miles  NDCI (Mi si  Provisions' 
'distance  to  ■ 


laportabj 


ran  CAL  SUMMARY 

;helf"  scoring  ststixs 

JFTCATIQM  RANOF  SCORING  SYST04S 

«BJL2E3J  ,  . .  . . 

ARMY  A/C  Aiming 

■At  Truck  1POO  Hr*.  ;  and  ^ 
l/U  T  Truck  Tactic 


PORTABILITY  "  MTBF 


HJKTXCKAL  REQUIREMENT 


RAVTRADSVCEN  69-C-0178-1 
TECHNICAL  ANALYSIS 
.  .  '  •  -  ,  0?  •  ,  : 

HIT  SENSITIVE  PANEL  TARGET  SYSTEM,  X3A109/1 
DEL  MAH  ENGINEERING  LABORATORIES 

Thia  hit  panel  type  scoring  system  was  designed  primarily  for  use  oa  tank 
gunnery  ranges  in  both  a  stationary  and  r.obile  configurations.  Comparing 
the  character^  sties  and  capabilities  of  this  system  to  the  functional 
requirements  of  the  Armed  Aircraft  Qualification  Range  Scoring  System,  it 
is  evident  that  the  following  areas  are  not  fulfilled: 

Scoring  Rate;  60  RFM 

Scoring  Radius:  Dependent  on  panel  site 

Zone/Vector:  Neither  is  furnished 

Data  Transmission:  Wire 

Data  Display:  None 

Dive  Angle:  0*  -  60m 

Approach  Azimuth;  ±  60*  ' 

Malfunction/Damage  Alarm:  None 

See  Worksheet  "D"  r 

<£  „  ’  C  ,  r  ‘  *  '  ’  C  '  s  :  '  -  *  .  ■  '  f  f,  6  : 


177 


HAVTRADSVCEN  $9-0-0178-1 
'c  TECHNICAL  ANALYSIS  '  ,V  "i% 
0? 

HIT  PANEL  SCORING  SYSTEM,  MODEL  BT-lU 
SAAB  AXTIEBOIAG  (SWEDEN) 


This  hit  panel  type  scoring  system  vas  designed  for  use  by  strafing  aircraft 
during  individual  training.  A  comparison  of  this  system’s  characteristics 
vith  the  functional  requirements  of  the  Armed  Aircraft  Qualification  Range 
Scoring  System  results  in  the  following  discrepancies: 


Scoring  Rate  j  9,000  RPM 
Caliber/Type  Weapon:  7.62  -  UOmm 

Zone/vector:  No  zone,  no  vector 

» 

Scoring  Radius:  20  feet 
Data  Transmission  Range:  1000M  (Wire) 
Data  Recording:  No  provisions 
Portability:  Fixed 


Dive  Angle:  10*  -  30* 
Approach  Azimuth;  *  30 
Malfunction/Daaage  Alarm: 


None 


,  .  \  See  Worksheet  "D"  -t; 
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c  _,'e  .  RAVTRAD3V02J  69-C-0178-1 

C  C  -  ’  '  -0;  ^ 

TECHNICAL  ANALTSIS 
0? 

ACOUSTIC  (AMPLITUDE)  SCORING  SISTEM,  MODEL  BT-23 
SAAB-EULCW  (SWEDEN) 

This  acoustic  (amplitude)  scoring  system  was  designed  for  use  with  aerial 
targets.  A  comparison  of  this  system’s  characteristics  with  the  functional 
requirements  requirements  of  the  Armed  Aircraft  Qualification  Range  Scoring 
System  results  in  the  following  discrepancies: 

Scoring  Rate:  Up  to  9«000  HIM 

Zone /Vector:  No  vector  da* a  obtained 

Simultaneous  Multiple  Weapon*  j  One  type /caliber  weapon 

# 

at  a  time 


KTBT:  Not  stated 
Malfunctlon/Daaage  Alarm:  None 


See  Worksheet  "D" 


o  v  ,  .  HAVTRAD3VCEN  69-C-0178-1 

TECHNICAL  ANALYSIS 
OP 

ACOUSTIC  (AMPLITUDE)  SCORING  SYSTEM,  MODEL  AS-lOO 
AEROMIC  A3  (SWEDEN) 


This  acoustic  (ajaplitude)  scoring  system  vac  designed  for  use  vith  aerial 
targets.  As  in  all  acoustic  (amplitude)  scoring  systems,  a  number  of  the 
requirements  can  be  satisfied,  but  when  the  system's  characteristics  are 
compared  to  the  functional  requirements  of  the  Armed  Aircraft  Qualification 
Range  Scoring  System,  the  following  limitations  are  apparent: 

Scoring  Rate:  2,000  RPM 

Scoring  Radius:  2  -  20M 

Accuracy:  905&  •  *■  . 

Zone/Vector:  12  zones  -  U  sector  under  development 
Scoring  Charts:  Supersonic  only  (No  HE  or  subsonic) 

MTBF:  Not  stated 
Halfunction/Damage  Alarm:  None 

0  -  4  -c  C  0  •■=  *  a  ■  •  0  a  a 

Number  of  Targets  per  System:  Limited  to  1  target  per  system 
Simultaneous  Multiple  Type  Weapons:  Limited  to  1  type  of  weapon 


See  Worksheet  "D" 


KAVTRADEVCER  69-C-0178-1  „ 

TECHNICAL  ANALYSIS 

or 

ACOUSTIC  (AMPLITUDE)  SCOHIKO  SYSTEM  MODEL  MAE-lU 
SFENA  (FRANCE) 

Thi*  fixed  acoustic  scoring  system  was  designed  for  air-to-ground  gunnery 
scoring  using  the  scroll tuio  principle.  It  has  been  used  by  the  French 
Air  Force  in  aerial  gunnery  training.  When  comparing  the  characteristics 
of  this  syoten  to  the  functional  requirements  of  the  Araed  Aircraft 
Qualification  Range  Scoring  System,  tha  following  essential  elements  are, 

Scoring  Ratei  8,000  RTM 

Scoring  Radius :  1CM 

Eone/vector:  So  vector  data  furnished 

Type/Caliber:  Up  to  30m 

Simultaneous  Multiple  Type  Weapons  j  One  caliber  at  a  time 
Data  Transmission:  Wire  only,  no  TM 
Attack  Azimuth:  ±80* 

Dive  Angle:  10  ±  3* 

Malfunction/Damage  Alarm:  Rone 

BUmber  of  Targets  per  System:  Limited  to  1  target 

r  .  ■’  C  r.  r,'' 

‘  :  Bata  Recording:  Ro  provisions 

See  Worksheet  "D" 
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FUNCTIONAL  REOUIRJKENT 


"Off- 

the- 

Shelf" 


?f*7000RFV  |  0 


i  TECHNICAL  OM4AI 

v  7  r  r  *IH  K* THr ;  i,  K  3OTHTWC 

A;WK»  /•  ■:  'I.-*!'  ’.AJi.i-.  «•  "AT tuN  W 

(v'ORK  SKEW) 


-  M  05  t  5T~ 


ST9TBM  HAHUPACTURET. 


TYPE 


Dal  Mar  &gLaaarlng 


Vibration 
Sena.  Target 


LaMar at arlaa  (USA) 


MODEL 


STATUS 


X3A109/!  | Production 


RATE 


n 


RADIUS 


60  RFM  Panel 


-  ti 


Size  up  to 
'7.5  x  7.5' 


4 - 


ACCURAC1 


9«%  for  £M 
to  200  rot 

peraqTft". 

area 


* 

I 


90%  f  or  la 
rocket a  fe 
dietributi 
of  1  per 
aq.  ft. 


t  — 


SAAB  Aktiebolag  (Sweden)  Hit  Panel 


HT-lU 


}(?lezo  Elec 


f SAAB-Bulow  ( Sweden} 


Senaor) 


t Production  j  9,000  RPM  ja^el1*  .9^-98* 

^--5,-— e^ 

jeach  w/aenaor 


Acouatlc 


ST-23 


(Amplitude) 


production 


UP  to  fl-i/2'toL3ot  _ 
9,000  RFM  I  depending  j  *** 

'  Ian  Mki  ai 


Air  Target  Ltd.  Acouatlc  r 

A  erode  AB  (3wedan)  =  (Amplitude) 


AS-100 

—  **. _ 


production  •  2,000  RPM!  2  to  20  M  {  80  -  90^ 


.1  . 


♦ 

\ 

r 


IsPBHA  (Prance) 


— t- 


-  -  - 


1  Acouatlc  [ 

_  }  XAfflPliiuiejL  _ 


i 

-  - 


*0-3M-7.62 


(O-IOM  30mm 


Primarily  Air-toAir  and/or  Oround-to-Air . 


/ 


ECHNICAL  BUWAnr 

-'Trr.F*  rrrrmrg-  grffiwa- 

"...  -  ’A"  ’•••«  u,  GO-  'OKING  ilY.TTKMS 
.t(  ''Ocr  3HF.-TT' 

-nr,  komm 
SO  cal  ?.7S 

V  ^  70mm~lov~ 

f  v 


MAVTRADEVCUf  69-C-OI78-I 


CT 

Vertical 

& 

HHI  B 

Sub-aonie  Up  to 
jLiper-aonic  t 


HWBZR  OP 
TARGETS 


Radio  -  UT 
Tea  Radio  or 

Wire  -  IT- 


MIA 


MEAI3 


Pane  la 
•enaor 


aU30* 
I"®  , 


Dirtasce  on 1 
Single  : 


>«“*-**,  | 

1  Both  Radial  Plan 

"  1 

(in  front 

(4  Sec tor a) I 


1-Zone  Radial  Plana 


183/j  84 


FUNCTIONAL  REQUIREMENT 

1710  - 
1850  MHz 

SYSTEM  MANUFACTURER 

FREQUENCY 

BAND 

Del  Mar  Engineering 


Laboratories  (USA) 


30.000M 


DA 


Hit,  Mias 
& 

Vector 


j  N/A  None 


TECHNICAL  SUMMi 
"OFF-THB-  SHELF"  SCORE 
AHMED  AIRCRAFT  QUALIFICATION  ! 

■  (WORKSHEET 


3/U  T  True’ 
l/U  T  True 


DATA  ENVIRON-  PORTABILIT 

RECORDING  MENTAL 
CAPABILITY  CHARACTER- 


Signal 

output 


MIL 

♦  ■  - 


Fixed 


1000M 


1  or  2 


i  2  digit  j 
i  counters  1 


-25*  to  50 *d 
500-20^000 
cycle  i 

Hermetically 

*  SialeJ'"'  t 


Fixed 


SAAB- Bui ov  (Sweden) 


70-150MHZ 


Air  Target  Ltd. 


Aeronic  AB  (Sweden)" 


i  12-3  digit  Not  iTranaport- 

50  miles  .  •  counters  'Yea  stated  able 


SFENA  (France) 


•ECHNTCAL  SUMMARY 
l-SBELF”  SCORING  SYSTEMS 
jUALITC CATION  RARE  SCORING  SYSTEMS 
(WORK  SHEET) 


HAVTRADEVCES  69*^-0178-1 


(Transport-  „  .  .  .  .  ,  Airborne 

able  N°*  ,Uted  i  target  ... 


Sensor  Approx.  9#  .Not  stated 
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TRADJJ  OFF  ANA! .YSlS 


i.  task  iv 


The  objective  of  Task  IV  is  to  evaluate  end  validate  candidate 
hardware  system?;  applicable  t<><  the  requirements  for  the  Armed 

i 

Aircraft  Qualification  Range  Scaring  System. 


The  self  -tion  of  hardware  is  accomplished  by  relating  hardware 
functional  performance  and  design  features  in  matrix  form  on  the 


summary  trade-off  sheets  prep,  ted  from  data  derived  from  Tasks  1, 
II,  and  HI.  | 


During  Step  1  the  essential  parameters  functional  and  design  re¬ 
quirements  are  entered  under  "nomenclature  '  or.  the  summaries. 

These  data,  resulted  from  the  amTysis  cf  Task  II  wherein  the  system 
functional  requirements  were  established,  independent  of  available 
equipment  considerations.  / 


Step  2  iden'i’.es  criticality  of  -..andida.p  systems  hardware  param¬ 
eters  ar.d  each  is  li*r»;d  in  descriptive  fern  opposite  the  functional  - 


rt-C  u :  err. er.i.->. 
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Step  3  i.;  'lie  evaluation  phase  of  tins  task.  It  is  the  initial  step 
in  evaluating  ;g, i  tems  Effectiveness  (part  of  the  cost /effectiveness 
analysis).  In  Stop  3,  the  ti'nn  Functional  Operational  Adequacy  (F  ) 
i«  introduced. 

khinelionr. I  Operational  Adoqum  y 


Functional  Operational  Adequacy  (F  )  is  defined  as  the  dif¬ 
ference  between  Functional  Requirement  (F  )  and  Systems  Func¬ 
tional  Capability  (F  ).  (k  e. ,  a  system  whose  functional  adequacy 
exactly  matches  the  requirement  is  neither  over-designed,  nor 
under-designed.  ) 


In  order  to  provide  the  most  necur 
mize  influencing  bias,  the  candidates  v/c 

«*  *«  p'.ajfir  subsyslomoS'  fa;  ret  ion: do  Script  ion 


te  appraisal  and  to  mini- 
re  broken  down  into 


In  arriving  at  F  ,  each  major  subsystem  is  evaluated  sepa¬ 
rately  using  the  trade-off  summary  sheets.  Comparative  rar.h'ngs 
are  graded  using  the  schedule: 


3  =  Meets  requirement 

2  =  Partially  meets  requirement  or  partially  over-designed 

1  -  Does  not  meet  requirement  _>r  groa-iiy  over-designee 

0  -  Does  not  meet  requirements  ir.  any  respect. 
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Ratings  for  etch  subsystem  arc  calculated  on  total  points 
scored/.total  points  achievable.  Weighting  of  individual  subsys¬ 
tems  will  follow  the  established  hierarchy  of  importance. 


l.evel  1  =  50  percent  (sensing,  scoring,  displaying) 

Level  2  =  25  percent  (mean  point  of  impact  for  miss 

+  r  and  6 

Level  3  3  25  percent  (data  transform,  data  transmission, 

targeting,  recorder  output  features) 

Thus,  rating  value  x  level  of  importance  3  weighted  score.  The 

total  Score  Fq  is  the  .sum  of  the  subsystems  weighted  scores 

during  the  projected  systems  life  cycle  in  years  ^  . 

Figures  E-l  through  E  -3  are  the  completed  trade-off  sum¬ 
mary  sheets. 


1*3 
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TiiAifP-O)  K  WOitif  SliKKTS 


The  follow ing  pages  contain  the-  trade-off  work  sheets  with  criti¬ 
cal  parameters,  functional  and  technical  design  requirements  entered. 
Accompanying  each  work  sheet  is  a  short  summary  statement  amplify¬ 
ing  the  most  .significant  parameter  entries.  Targets  and  recorders 
are  excluded  in  the  rankings  primarily  because  these  equipment  are 
not  normally  supplied  as  part  of  the  basic  scoring  systems  hardware 
inventory.  These  hems  are  included  in  the  trade-off  work  sheet  de- 

v  c 

scriptive  section  fox-  tv  o  reasons:  (1)  for  completeness  of  description, 

f.°c:  f  e  '  o  c  <  c 

and  (2)  because  of  their  impact  on  the  function;.!  interfaces  with  each 
system. 


1.  F  : 


TAKCiKTh  V  l'f  ilJ\*II  TRAINING  1  ; 


It  is  o&oerai ;'l  in  Individual  Training  tc  provide  a  well-defined 


aiming  paint  for  two  types  of  w*-. .ports,  "Point  ’  weapons  require  a 
vertical  aiming  point  a-  .some  distance  ’d”  above  ground  level.  The 
ar.  i  weapon-;  re. pare  a  horizontal  aiming  po;.;t  at  ground  level  with 
an  a  •  ij.t:-.aq  .  The  a.-, of  ;-tt;  .:k  r-  ay  range  from  0  *o  3rP 

e!<  v  '  .o;.  .  >:•  .  •  ,o  g.—  plane  ir.  i  -  4 a  s<  nsitivit*.  :n  j?i 

far  •  tin-  f .  r  in  •  •  >  „ 
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Targets  for  Individual  Training  comprise  a  complex  made  up  of 
both  types.  Up  to  six  (6)  target  complexes  should  be  provided  on  each 
gunnery  range. 

The  target  site  is  semi-permanent,  prepared  in  advance.  Target 

repair  or  replacement  time  is  limited  to  30  minutes.  Each  target 

should  provide  survivability  of  120  hours  of  unattended  performance. 

It  is  estimated  that  the  point  weapon  target  will  sustain  approximately 

42  "hits"  for  each  120  hours  of  range  operation  time;  and  that  the  area 

weapon  target  can  sustain  up  to  124.  000  hits  in  each  120  hours  of  oper- 

2 

atiori  if  the  target  area  is  large  (—  1500  meters  )  and  the  gunnery  is 
exceptionally  accurate  (50  percent  (hits)).  Total  "hits"  are  primarily 

e  c  -  - 

a  function  of  target  area  and  gunner  accuracy. 

1.  2  TARGETS  -  UNIT  TRAINING 

c  c  •  1  •-  c  -c  •  w  :  ° 

It  is  essential  that  the  targets  for  Unit  Training  be  realistic, 

c  ,  c 

simulating  combat  and  tactical  vehicles,  crew-served  ground  weapons, 
and  personnel.  Up  to  10  targets  per  range  may  be  employed.  The 
scoring  system  for  unit  training  targets  must  provide  coverage  for 
360’  in  azimuth  and  0fl  to  803  dive  a  ngle. 

Targets  must  be  air  transportable  for  either  repair/replacement 
or  relocation  to  any  one  of  up  to  20  previously  prepared  sites. 
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Target  repair  or  replacement  time  is  limited  to  30  minutes. 


'  The  target  complex  must  be  self-contained,  including  power. 


Moduli) r  construction  is  essential  for  maintenance  and  repair. 


i  Eacdi  target  should  provide  a  survivability  ol  120  hours  unattended 
performance,  including  survival  from  ordnance  fire. 


II.  3  SENSING  -  INDIVIDUAL  AND  UNIT  TRAINING 


1 1  '  Sensors  anJ  associated  electronics  located  at  the  target  complex 
must  be  capable  of  120  hours  of  range  operation  including  survivability 

j 

fbom  ordnance  fire. 


o  p  ©  c  c 

I  °  For  Individual  Training  the  required  sensitive  region  is  +  45°  in 
a'  direction  facing  the  firing  weapon,  and  0°  to  80°  elevation  above  the 
ground.  Sensor  coverage  for  Unit  Training  encompasses  360’  in  azi-  -p  = 
moth  and  dive  angle  from  0’  to  80°  elevation.'  Point  weapon  sensing  is:  * 


"Target"  zone  hit  count  (scoring) 

yX' 

Ovcr/short,  left/ right  zone  coverage  for  misses  and 
direction  information.  7 


Area  weapons  fire  is  sensed  in  the  horizontal  plane  referenced 


to  an  aiming  po'nt  (see  Appendix  IV').  /Therefore,  an  arbitrary  area 
witnin  the  beaten  zone  must  be  sensed  and  scorecn^^Misses  occurring 
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outside  in<  '/.one  must  be  <K  tc  1  Led,  the  iiu,;iii  point  of  impact  nutomali 
cully  deli •nnined,  anil  data  derived  for  zone  and  o\er/shorl  or  left / 
right.  zoiw. 

Maximum  sensing  rate  is  24,  000  rounds  per  minute  (both  subso  i 
anil  supersonic,  inert  and  high  explosive  projectiles). 

Maximum  range  of  sensitivity  from  target  center  is  three  times 
the  maximum  effective  fire  radius  of  ordnance  being  fired. 

f 

Sensors  must  be  compatible  with  target  power  systems. 

1.  4  DATA  CONVERSION  SYSTEM 

Must  be  able  to  accept  raw  data  from  sensors  anil  convert  to  hit 
count  (score)  plus  r  and  0  information  on  misses.  This  function  is 
first  order  data,  reduction  for  transmission  to  the  balance  of  the 
system. 

Converters  must  be  extremely  stable,  contributing  less  than 
one  tenth  percent  error  to  the  scoring  system.  Data  rate  input  is  up 
to  4  00  bii.s  per  second. 

1.  5  DATA  TKANSMfSSlON  (Target  to  Control) 

Data  transmission  system  should  be  essentially  noise -free  uTh 
an  accuracy  of  at  least  99,  9  percent. 


201/202 


Pis- 


\JM*HOA<  ||  ? 
SI  »  \  \ 
VAK  1  J»« 


APPROAC  H  4 

SANDKRS 
RAScORK  ’S* 


SANDKRS 
RASTORK  ’ 


h  W  KM  TM  or  coax 


I  mi  coax.  I  »  m»  T.\! 


Not  •*.itrd.  5-15  »  •  <-r" 


i  <•  .  \‘i»/ 


%  I M  *M»t.  .  . 


VIX*  or  1 1 U  *  v  At 
'•y.».0  c.  jO  \l 


*H-  vnr  -  I  A  b* 


UVt. 


APPROACH  ll 


API’HOACH  13 


APPROACH  14 


APPROACH  15 


,<  Mi?,:,  ,  vr-'-'-T  <-v  ■  |  >  .  :  ,• 

| 

U  must  iim.tr  it  out  the  o;/iT.y.ting  r..nr<-  arul  be 

eapubb-  of  transmitting  all  date  at  a  rate  commensurate  with  the  bal¬ 
ance  of  the  see-ring  system. 


The  system  needs  to  bo  essentially  maintenance-free  (MTI5F 
1200  hours). 


Minimum  cross-talk  between  channels  is  essential. 


It  is  desirable  that  the  transmission  system  require  zero  cali¬ 
bration.  It  must  present  a  proper  impedenco  match  for  input  and  output 
interlaces. 

Note: 

t 

j 

j 

(1)  If  data  conversion  is  provided  at  the’ target  site  the  infor¬ 
mation  rate  per  function  drops  from  a  maximum  of  400  hits 
per  second  to  10  bytes  per  second  {sec  data  conversion)  (a 

'  "  '  , '  separate  trade-off  analysis  may  be  performed  to  compare  ! 

transmission  with  conversion  yer.-s.ta  transmission  without). 

(2)  For  individual  *  ’'nine  using  Training  Command  sug¬ 
gests  a  buried  nard-wire  power  and  data  link. 

(3)  For  Unit  Training  it  is  concluded  that  wireless  transmission 
is  required  because  of  the  need  for  single  package  porta¬ 
bility  for  relocation. 

Range:  00,  000  meters. 
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A  continuous  dir. play  oi  1 1 . •  data  and operational  st  ilus  c>l'  each 
tiuy  rt  is  r«  quir.-c!  in  lac-  1  nn<;.  •  «.  ontiv.l  center. 

The  display  system  requires  a  built -in  scoring  (liit  count)  regis¬ 
ter  and  visual  display  of  thus.  data.  Data  should  bo  stored  until  reset 
is  activated.  Manual  reset  functions  after  each  target  engagement 
should  he  incorporated.  In  addition,  r  and  ?  information  on  target 
misses  must  be  displayed.  The  format  must  be  easily  read,  requiring 
no  interpretation  on  the  part  of  the  operator. 

The  clis.pl:  y  system  needs  to  be  easy  to  operate.  It  should  be  of 
modular  construction  and  be  easy  to  maintain  by  field  organizational 
maintenance  pc  rsonnel. 

The  display  function  should,  also  incorporate  the  buffer  function 
of  converting  sensor -derived  information  to  hit  count  plus  zone  3nd 
sector  information  for  score  recording  and  for  remote  display  units 
if  required. 

The  display  sya-.em  snoeici  incorporate  system  test  and  calibra¬ 
tion  features.  ITijipment  should  be  operable  from  either  GO  cycle  110 
volt  or  21  volt  airvt  current  f  uel:  power  (commercial  power  or  rr.obil 
in  order  to  m- niece  the  greatest  fie.-- ibil ity). 
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APPROACH  G 

ZANDERS 
HAM  ORF  '  V 


APPROACH  i 

IJK!  MAH 
l>\  «K 


APPROACH  H 

UK  I  MAR 

l>  V  «► 


APPROACH  !> 

DEI.  MAR 
I  >A  -  A 


APPROACH  10 

DEL  MAR 
DA*  2 


\<*  Data  output  I  flits  »n  '  !*«■» 


No  <t  npidv,  no  \tP!.  no 


Displays  Mi?**  Displ-ivs  *).•««  -m  t-dtgp  I  No  display  Data  output  to  Nd  t 

IIS  rm’fhani'  i  •  .'.trr  MM  |  rompup  r  tilt  i 


Displavs  i  /  ■»  misses  DVp.ivs  -•  ssi-s,  '•  /on*  s  No  disp.jy 

•in  t  i  dnta  I'lmntcrs,  j.v'.i  M\I  n.iss  !:*.• 

•  i»  *  M  PI.  R  only  vector  *  no  M  PI.  no  i 


•  h  -  t-»r*p  *s  l 


V  •  *  '.it  i>‘  is  1  thru. 


•..it  's  1  thri 


1  «si;v  r*  ji.  s  «*p*  r.it«  i 
• .  v.  »  pro-,  isum.s 


1.  '  \t  ,  V;  H/.  •  •  A  I  il.'i  VAC.  -0  Hz.  1 00  U  11  r>  VAC,  *.0  H.  .  -  f>  \\ 


Vs  -  running  V»‘£  •  fr***  inning  No 

.  n'lnti-r  countrr 

e  o°cCp  .  oot  c  c  c  °  c  O  e  .  O'  0( 

C  c  0  c  :  v  V  K)  c  v  ‘ 

N-.m-  Non**  ?  \  » 

<•  ■  £.  C.-  o  .  c  ••  -  r  /.>«  ..  '  ck-.c  L  -c 
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APPROACH  14 

AIR  TARGET 

AS- 100 

APPROACH  15 

SKENA 

MAE  14 

APPROACH  IS 

JOANEL1. 

Displays  hit* 

Displays  hits  on  2*dlfit 
counter  electronic 

In  splays  hits 

Displays  \  misses 

in  3  digit  ",n  .  •>ur.l»,r». 

in*  MPl,  m»  vertor 

Not  displayed 

Not  displayed 

v.  provisions 

V«  provisions 

hi.lv  r'M'l  r *  «*♦  t 

tin?*  •».»  sin.;  .•  *  on.ro.* 

K»  si  t  pro  ;.!••••  easiii 
r>‘  id 

►  St  .  «»  K 

Modular  I’onitfjk turn 

Assume  modular  const 

Assum*  modular  roust  | 

.  i  »i  \  J2»»  .  \i  .  |  s  w 

1 10  J2U  \  A 

JO  Mu  '  12’J  \ 

,  c 

1 10  v*A<  ^0  *»0  . 

'|'S  •  pJp>'t  ».»p  • 
jltr.i.  h »»•  t 

No 

‘i  ••  s  tup»-  rec  ordinc 

\*s  II  :t.« 

^**»  Kst  less  than 
>0  *bs 

M-iriina,  7>  .t.s 

So 

No  damage  alarm  feature 

No  dan  ige  uiarm 

None  provided 

Son*  provided 

v. 6  I  So 


System  go  stgn.ii 
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It  may  be  desirable  to  incorporate  multiple  target  displays  in  a 
single  unit.  This  should  be  considered  in  the  trade -off  analysis. 

For  automatic  weapons,  only  the  mean  point  of  impact  is  re¬ 
quired  for  establishing  the  direction  and  zone  location  reference  point 
on  target  misses.  This  becomes  an  averaged  value  over  some  discrete 
interval  of  tune.  One -tenth  second  has  been  arbitrarily  chosen  (less 
than  one- half  shortest  burst  duration  for  rapid  fire  weapons).  The 

display -buffer  unit  should  contribute  less  than  0.  1  percent  error  to  the 

» 

scoring  system. 

I  .  7  DA:J  ’A  TRA  Kfl  MISSION  TO  FIRING  AIRCRAFT 

c 

Target  data  information  transmission  to  firing  aircraft  is  only 
required  for  individual  qualification  training  and  proficiency  rating. 

Information  on  all  targets  on  the  range  should  be  transmitted  to 

.  »  *  -  .  ■*  c 

c  , 

fir  ing  aircraft  during  individual  qualification  training.  *  ‘ 

If  data  conversion  and  reduction  is  performed  by  ground  equip¬ 
ment  the  band  pass  requirement  is  greatly  reduced.  Example: 
assuming  10  bytes/ second  for  x  -  x'  data  and  10  bytes,  sec  nd  for 
y  -  y'  plus  total  bit  count  ss  20  bytes  per  second  for  each  target  x  6 
targets  s»  120  ^yces/second.  A  240  Hz  band  pass  would  be  more  than 
ample. 
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Thc  data  transmission  .^ysi-cm  should  lit*  kept  as  simple  as  pos¬ 
sible  and  utilize  equipment  common  to  the  aircraft  u  possible: 
example  -  use  one  channel  of  existing  communications  equipment. 

1  •  &  display  ING  IN  AIRCRAFT 

The  displaying  of  target  information  on  a  selective  basis  in  the 
aircraft  for  the  benefit  of  Ihe  instructor  pilot  is  essential  during  indi¬ 
vidual  qualification.  This  comprises  both  score-  and  target  miss-type 
information. 

The  requirement  for  display  capability  is  limited  to  one  target  at 
a  time  (target  engaged).  Therefore  the  instructor  pilot  should  be  able 
to  select  any  one  of  the  six  targets  on  the  range. 

The  aircraft  display  unit  should  be  kept  as  simple  as  possible 
and  requite  no  modification  to  the  aircraft.  The  display  must  be  read- 

...  -_t  .  /  •  •  ..  f.  .  c  /'  '•  &  /  t,  *  r  S  f  «  '  S’  -.1 

able  under  all  ligating  conditions  normally  encountered  during  aircraft 
operation. 

In  view  of  the  limitations  for  modification  to  Army  aircraft,  the 
on-board  display  system  will  have  to  be  a  self-contained,  self-powered 
unit  issued  to  an  instructor  pilot  for  the  training  mission.  Weight 
should  be  five  pounds  or  less.  Package  size  and  shape  should  be  easily 
operated  and  tarried  (hand-held). 
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1.0  RECORDING 

Only  the  scoring  data  (hits)  from  each  target  need  to  be  recorded. 
Some  means  for  aircraft  identification,  firing  run  number,  and  target 
being  engaged  need  to  accompany  the  record  for  post -operational 
evaluation. 

2. 0  SCORE 

Individual  scores  are  based  on  the  following  schedule: 

In  pre  'action  =  3  points 
Pro-production  *  2  points 
Developmental  ■  1  point 

,  c  0  c 

Closest  'approach  to: 

24,  000  rpm  =  3  points  c  ..  •  ■  * 

16,  000  rpm  s  2  points  -  - 

8,  000  rpm  *  1  point 

Closest  approach  in  range  to: 

i*  m  =3  pointg 
36  m  =2  points 
18  m  -  1  point 
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Closest  accuracy  to 

95=  percent  r  ?  =  3  points 

85  percent  =  2  points 

80  percent  or  less  =  1  point 

Projectile  sensing; 

All  s  3  points 

Two-thirds  =»  2  points 

$ 

One -hall'  or  less  =  1  point 
Zone/vector  sensing; 

Zone  plus  vector  =  3  points 

c  o  :  o 

Vector  only  =  1  point 

Zone  only  a  1  point 

o .  ■ -  f  ■  -  =_£.«•  c/;.  c«-  .  -  c= 0  = 

Multiple  fire;  _ -  c  _  ^  A  „  .  c<s 

Mixed  with  sorting  =  3  points 
Mixed  -  no  sorting  =  2  points 
One  type  only  =  1  point 
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JJAVmu  -wV  . ; 

c  c  c 

C'  ‘  '  ?  C  ^  .  ,  C  .  y  c  C  '  -  V"  •"  jC 

J t  in  n <  rs  (T1V1); 

30,  000  to  00,  000  m  “3  points  _  ’<=  -  ■ 

10,  000  to  20,  OoO  in  -  2  j>oints 
10,  000  in  or  loss  ~  1  point 

All  olhni  t  ati  ;'o:  it  ;;  arc  based  on  subjective  judgment  of  how  near  the 
requireme  nt  is  fulfilled. 

2.  1  HANKIiN’C^o 

In  arriving  at  a  total  .score  the  telemetry  to  the  aircraft  ami  dis¬ 
play  in  tiie  air  craft  are  included  in  the  rankings.  No  single  "off-the- 
shelf''  hardware  system  includes  ihc.se  features.  These  deficiencies 
'arc  factored  into  the  total  score  for  each' candidate  system  in  order  to 
establish  the  value  of  P  relative  to  an  optimized  system  that  satisfies 
all  requirements.  Eight*  n  points  arc  added  to  the  sensing/ displaying 
score  potential  (50  percent  weir/b*.  factor)  for  the  aircraft,  display  rating. 
Parameters  considered  are:  hit  display,  miss  display,  target  identi¬ 
fication,  ease  of  operation,  pov.or,  and  portal)!'  ity,  each  worth  th-ec 
points. 

In  a  similar  manner,  data  transmission  to  the  aircraft  is  included 
in  tie'  total  potential  score  (25  percent  weight  factor).  Parameters 
considered  arc:  transmission  means  and  range;  added  noin-.s  arc  six. 
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'  ,;c  •-  ■;  •••  ■’ r-  V 

i  is  a  i  i 1  i  il'n io:i  of  the  wfhjiih-cl  scoria;  (]■’  )  riMii'.Jiii!'  from 
e.i'nhinlion  .’in J  comparison  of  "off- ilir-shtOf"  hardware  ay  .-urns ,v- 

-t  c,  -_•  c=;  •  *  fs  ■  °  =■  r  ■«  .  0  /  ' 

tiic*  optimised  reijcirc  merit  (Task  If).  The  most  significant  value 
lh<  hif'hefU  percentage. 
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1  \  \ 


■*<  -/ 


t’v.  IVrV-.nc.-,  .v,  <1,  7,  8,  f>.”  f  r>.  I  3;  -W.  f.  1  fi.  rial 

i l*it  Mi!  iy  i.  •  see  than  jiV'f  i  a  ndidat.es  for  fund  ;ona!: oprivt.io.K-fl 


a«i.  (K(jh 


c' 

."/.I 

■i 


It  can  l.r  (•in.fliuJoJ  lii.it  the  ht-thcd  ranking  system  only  meet-.; 

<18  permit  of  the  actual  functional  requirements. 

As  the  cos! /effectiveness  analysis  proceeds,  ii  is  expected  that, 
tin  n, o?< l  uceepiuihe  .system  or  systems  will  lie  more  clearly  indicated. 
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lAVTIt'e  *.  i?>-C“01V.f«-l 

.  .  r  c  c^'  Cc  1  -  1  '  '  = 

costs,  Kel.o<.j  t  u.sltt,  tailark  ;  of  personnel  (both  of  opei  ating  personnel 
and  students),*  costs  of  consu.m'bles  used  in  l  rain  it  if;,  etc.  Atypical 
analysis  is  shown  in  Equation  (1). 


LCC 


y 

X  Kdl'CD  +  C1MV  +  ^OPEU^l 
n-T 


(1 ) 


where: 


LCC  =  Discounted  life-cycle  cost  of  candidate  system 
throughout  its  operational  lifetime,  in  dollars 

=  Discount  factor  applied  from  base  year 

n  =  Index  of  years  over  which  costs  are  accumulated 

Y  r  Number  of  years  over  which  candidate  system  life¬ 

cycle  costs  are  accumulated 

C  „  *  Rese  arch  and  Development  cost  of  candidate  systems 

in  dollars 


Initial  investment  cost  of  candidate  systems,  in 
dollars 


COPER 


Annual  operating  cost  of  a  candidate  system  in 
dollars 


To  construct  a  complete  costs  analysis  of  candidate  scoring  sys¬ 
tems  would  require  answers  in  the  following  specific  parameters: 

(1)  Discounted  life-cycle  cosc 

(2)  Discount  factor  applied  !'rom  base  year 
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e  -  C  0  a  cC  ~  %  JO".8  o  P  -  5  =  0  r  %  0  °  oCaa  »  ©  '  *  r  '  S 

(3)  \'u;nbiv  o:'  years  over  which  costs  are  accumulated 
(•1)  Number  of  year;;  life:  fur  each  system 
(5)  Development  cost  of  the  system 
(0)  Iriilial  investment  cost  of  candidates 
(7)  Cost  of  operation  (annual)  for  each  system 
(H)  Cosi  of  sparer. 

(0)  Number  of  military  officers  receiving  training  ami 
average'  salaries  pins  allowances 

(10)  Number  of  aviation  instructors  required  to  conduct  initial 
training  on  system's 

(11)  Duration  of  initial  training  session 

(12)  Number  of  students  per  class 

(13)  Number  of  classes  per  instructor 

(14)  Number  of  depot  personnel  requiring  training 

(15)  Average  salary  plus  allowances  of  depot  personnel 

(16)  Estimate  of  time  required  to  reach  a  prescribed  level 

of  training  without  system  ,  o. .  ,  c  r.  r ,  •  p  .  , 

■  is.  '  c':  ■  ’  ‘  '•  °\  ■'  ‘  •  ’  ’  Cc‘ 

'(17)  Estimate  of  time  required  to  reach  a  prescribed  level 
.  of  training  with -candidates  by  candidate 

(18)  Estimate  of  R<fcD  required  to  improve  system  to  meet 
requirements 

(lb)  Estimate  of  cost  of  ultimate  system  (in  production) 

(20)  Estimate  of  annual  savings  in  manpower  through  use  of 
ultimate  system 

TdH)  Estimate  of  cost  of  spares  in  ultin  ate  system 
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{22)  Cont  of  oil  craft  opc  lution/triijnii  g  period 
(23)  Cost  of  expendables/truining  period 
,  ,  (24)  Cost  of  range  operation  per  hour  or  per  year  ' ' 

(25)  Etc. 

Answers  to  many  of  the  questions  011  cost  arc  not  readily  avail¬ 
able  and  arc  beyond  the  scope  of  this  contract  to  develop. 


Therefore,  the  cost  model  will  be  constructed  as  follows.  The 

candidate  system  normalized  dost  analysis  in  dollars  will  be  constrained 

to  cos"  per  system  in  production  (N  )  +  development  cost  (if  applicable) 

(N  ,)  +  estimated  annual  maintenance  cost  (N  )  +  estimated  cost  of 
d  m 

installation  (Nd  +  estimated  annual  operating  costs  (Nq)  for 


I 

N=1 


EFFECTIVENESS 


Effectiveness  is  a  figure  of  merit  usually  derived  from  a  quali¬ 
tative  analysis  expressed  in  numerical  tern  s.  Normally,  a  mathemar- 
ical  model  is  used  for  rating  and  ranking  candidate  systems.  The 
model  is  constructed  using  identified  critical  parameters.  In  applioa- 
tioi  ,  the  end  product  achieved  through  intend'.'  ;  use  o:  scoring  systems 

or  methods  is  a  jeyoi  of  p ruf icieru-v  (l*  )  ac’n'cved  bv  an  individual 

1  o 
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.  C<>'~ OO.lYd-.l 

•  c'0  ['  ceac‘t  <y  °c-  °c  *«  s  c.  ,/  Vb  6  •  „ ,  .  =  °c  «.c  ec  j 

i  1  i » ; * nt  j; 'I  uj;ii in.sl  a  rioi-m  timi's  the  numlx-r  (>f  student  (s)  in;i|iv(i 
dii'  ; •  1  j •  l li»*  li'< dina-  of  the  system  for  all  candidate*  systems. 


Kfi  -  P  N 

c  o 


(2) 


The  absolute  value  of  lJo  is  currently  poorly  defined.  Unit  proficiency 

! 

is  likewise  poorly  defined  and  measured  using  current  methods. 


Some  other  method  for  evaluating  "effectiveness"  had  to  be  deter' 
mined  during  the  course  of  this  sludy.  (For  purposes  of  evaluation  the 
proficiency  term  (PQ)  is  assumed  to  he  uniform  "student-for-student" 
and  "unil-for-unil"  at  end  of  qualification  regardless  of  the  scoring 
_sy  sun  r  1  or  m  pjt  I  tod  used. 

The  term  N=  is  also  substituted. 

Effectiveness  for  purposes  of  evaluation  during  this  study  will 

consider  only  F  ..A  ,U  *  -■  .=  ,t-°  .  .•«  'v.*  •  -•  t  ;f<  . 

6  •  ot  ,<  .  o  O  O'  '  •  ;  -  -  <•  00 


Functional  operation  adequacy  (F  )  has  been  previously  defined. 
Operational  a1.  .1  liability,  A  is  defined  as; 


_ MTBF _ 

Ao  =  MTBF  +  MTTK  -  MLDT 


(3) 
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ivlH  •  i*f  *  •  '  ‘  *  -  ■  *  •  »  .  '  * 

IVI'I" J II*'  :  Mean  time  hi  iv.een  f.ii In res 
MTJ'l!  '  Mean  time  to  repair 
MLJyj'  «  Mean  logistics  downturn 

The  utilization  factor  (U^)  for  the  systems,  is  the  yearly  hours 
of  use  divided  by  annua)  range  operating  time  in  hours: 


S 


(4) 


where 


Sq  =  Estimated  systems  operational  hours  of  use  (potential) 
Hq  *  Total  range  operational  time  (range  availability) 


The  measure  of  effectiveness  can  now  be  expressed  as: 

Kff  ~  V  A  U  c  ..  i  -  \  :  (5) 

o  o  o  .  ■ 

SUliSTrTUl  KIJ  COST /EEFKCTI VKXES5  MODE!. 


C/E  * 


on 
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'the  1<>\.  csl  figu.  e  of  C/E  will  have  the  highest  figure  of  merit.  In 
addition  to  the-.  Cosl/Effectivcness  Analysis,  completion  of  Task  V  wili 
induct  pr«  io.i  of  a  porlorniunee  specification,  cosi  estimates, 

and  S',  ht.bi.ic  tt.ii -a-  on  utilization  of  "off-the-shelf"  hardware. 


Table  1  derived  from  Appendix  J  cost  estimates  provides  a  sum¬ 
mary  of  estimated  dollar  values  for  the  cost  model; 


Cost  ■»  V  (NJ  +  N  +  .N.  +  N  .  +  N  ) 
Z,  d  p  t  o  m 


where  y  -  10  years  for  all  systems.  (Note:  During  analysis  of  systems 
costs  in  Appendix  a  candidates  1,  2,  3,  5,  6,  10,  1  1,  12,  and  16  wore 
eliminated.  )  Normalized  values  referenced  to  $1.  00  are  tabulated  in 
the  bottom  column  of  Table  1. 


'.  ‘  c  <•*  <Taf>ie  2  Drbvides  values  of  A  for  e'ach  candidate  based  oil  c"‘  ‘  °  ■ 

•  -  •  *  ‘  -  ,  o  .  .  ,  ,  : 

?  "  ,  ;■  =  -  ®  .  "  .=  'c  ■  -  •  c  o  .  •  •  ; 

'Equation  (3).  The  term  MTTH  was  redefined  to  Mean  Time  To  Restore 

instead  of  the  classical  Mean  Time  To  Repair,  since  it  is  meaningless 

to  estimate  repair  on  systems  that  have  virtually  no  history  of  extended 

operational  us-  .  Conversely,  it  is  reasonable  to  estimate  restoration 

time  for  -.he  s.mc  systems.  A  basic  assumption  in  establishing  value's 

of  A  :s  ti..u  ct  . rnaued  modules  replaced  v. ill  not  be  repaired.  (The 
o 

u»!  i  parts  (\. mimes)  replai.cu  is  included  in  the  cos;  analysis.  ) 
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Includes  spares. 
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The  utilization  factor -  (iOqualion  (4)}  for  each  remain. ug 
candidate  ir  shown  in  Table  3.  Annual  hours  of  useful  service  for 
each  candidate  via;  calculated  based  on  total  range  timeless  the  csti- 

.  c  t 

mated  time  to  .start  tip  and  shut  down  the  scoring  system. 

The  yearly  range  operating  tin  e  (3220  hours)  assumes  5  days 
per  week,  14  hours  per  day  in  two  shifts,  arid  50  weeks  per  year  less 
250  hours  for  contingencies  (lost  time  due  to  range  operational 
problems). 

» 

Table  4  summarizes  the  cost/effectiveness  model, 

N=T  0 

CIK  .  £ 

N«1 

for  candidates  1,  7,  8,  9,  13,  14,  and  15.  The  lowest  "dollar"  value  is 
the  most  cost/ effective  system.  - 


/ Normalized  Cost\ 


V 


F 


U 


/ 
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Table*  4 

Cost /Effectiveness  Summary 
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CC).'JGLUSJO« 

c  l.<  «'  .Candidate0  8  af'$)0.34  is  tl/c  Lest  choice  widm candidate 
11  at  $12.06  fo1 lowing  ‘in  second  place,  Inc  separation 
between  these  two  candidates  is  quite  significant. 

2.  'J  h'.'  effectiveness  ol  candidate  ft,  currently  configured  , 
mods  about  38  percent  of  the  optimum  system.',  effective 
no;? .-4  requirement;: .  (Average  -  29  pcrcenl.  ) 

3.  Selection  of  a  system  based  on  the  combination  of  earlios 
capability  and  lies!  cost/effectiveness  v/ould  place  the 
ordi  v  of  preference: 

0  Candidate  8  -■  best  choice 

,  =  o  Candidate  11  ;  second  best  choice 

«  Candidate  13  :  third  best  choice 
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o  v  c  “  10 

first  TTiCinicAT,  pizpc.n’itTG  corr-  '-~:r;c3 
23  May  1969 

c  /  '  Contract  K&L339-69-C-0173-1 
Araed  Aircraft  Qualification  Range  Scoring  System 

FROSRAM  FIAIt 
Purpose  of  the  Study 
Tasks  to  be  Accorpli3hed 
program  Schedule 

ACcc?.£PLisic^rr3  durito  the  report  period 

A.  Requests  for  Technical  Data  from  All  Known  Scoring  System 
Manufacturers 

B.  Requests  for  Technical  Document  and  Studies  Relative  to 
Scoring  Systems 

C.  Field  Visits  to  Military  Installations 

D.  Completion  of  SDR  Review  (Task  1) 

E.  Started  preliminary  Functional  Analysis  and  Requirement 

;  -  =  -A  =  »«c  V  '*«c«  r 

jQlocatlcn  Effort  (Task  2)  /  ,c  ,  vt>>  v, 

7.  Started  Preliminary  Identification,  Analysis  and  Development 
of  Applicable  Off-the-Shelf  systems  and  State-of-Art  Technology 
(Task  3) 
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in  PROBLD-i  AREAS  r 

A.  Anticipate  Problem  in  Obtaining  In-Depth  Information  From 
Equipment/ Component  Manufacturers  (including  Cost  Ranee  a) 
f-  B.  Input  Data  for  Cost  Effectiveness 

IV  WORK  TO  BE  ACCOMPLISHED  BEFORE  NEXT  TECHNICAL  REPORTING 
CONFERENCE 

A.  Complete  Tusks  2  and  3 

B.  Initiate  Task  4 

V  WORK  STATUS 

Approximately  2856  of  work  effort  has  been  accomplished. 
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CA-13^-69 

cVW3  jir.ak 

27  May,  1969 


To:  Department  of  the  Navy 

Naval  Training  Device  Center 
Orlando,  Florida  32813 

Attention:  Mr.  K.  W.  Peterson,  Code  371 

Project  Engineer 

Army  Participation  Group 


Re 


f  erenee : 


Contract  K6l339-^9-C-0178, 

Armed  Aircraft  Qualification  Range  Scoring 
System  Study 


Subject:  First  Technical  Reporting  Conference 

j  23  Kay  1969 

I 

1 

l.j  The  first  Technical  Reporting  Conference  for  the  Armed  Aircraft 
Quail ficc'. ion  Range  Scoring  System  Study  was  conducted  at  the  Naval 
Training  Device  Center,  Crlando,  Florida,  on  23  May  1969.  The  following 
personnel  were  in  attendance: 

Mr.  Paul  S.  Walker  -  Army  Participation  Group,  NTDC  Code  381 


Mr.  K.  W.  Peterson  -  Project  Engineer,  NTDC  Code  371  ^ 

~<L  c  C.;  C  c 

-  **  Mr;.  Art  Drucker  -  Contracting  Officer,  NTDC  Codec  1532  V 

**  Lt.Col.  Frank  Miller  -  Army  Participation  Group,  NTDC  Code  381 


Lt.Col.  D.J. .Palczynski-  DCS0P3-AVN,  USCONARC 


Mr.  John  ?.  Ford 


-  Booz-Allen  Applied  Research,  Los  Angeles 


Mr.  Wally  Brondstatter  -  Del  Mar  Engineering  Labs. ,  Los  Angeles 


**  partial  participation 


HAVTI<ADTVC/.»  $9-0-0178-1 


To: 


Attention: 


<  Raval  Training  Davlco  Center 
Orlando,  Florida 

Mr.  X.  W.  Peterson,  Code  371 


CA-134-$9 


wratnek 
27  May  19«9 


2.  Transmitted  herewith,  In  triplicate,  are  copies  of  the  conference 
agenda  and  all  Information  and  hack  up  naterl&l  discussed.  It  Is 
understood  that  thl3  volume  (in  triplicate)  is  acceptable  to  KTLC  end 
will  serve  as  both  the  minutes  of  the  conference  and  constitute  the 
report  for  the  First  Technical  Reporting  Period.  The  major  portion 

of  the  conference  vas  devoted  to  a  roviev  of  the  Contractor's  approach 
to  the  problem  and  his  accomplishments  to  date.  It  was  concluded  that 
this  effort  is  being  performed  in  a  satisfactory  manner  and  in  accordance 
with  the  contract  schedule. 

3.  It  is  estimated  that  Tasks  2  and  3  will  be  completed,  and  Task  4 
started,  by  a id- July.  It  is  therefore  recommended  that  the  Second 
Technical  Reporting  Conference  be  scheduled  for  the  week  starting 

14  July  1969. 


DEL  MAR  ES3EIEER2RG  LABORATORIES 


R»  E.  Denney 


Enci  As  noted 
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Socorro  t:cctical  reportinq  ragraEscs 

17  July  1969  .  ..  .v, 

•  Contract  1:61339-69-0-0178 

ARMED  AIRCRAFT  QUALIFICATION  RANGE  SCORED  SYSTEM 

I  RJRPOSE  Aim  REVIEW 

II  DESCRIPTION  OF  TASK  #2  AND  #3 

III  PROGRAM  SCHEDULE 

IV  ACCCMFLIcKerJTS  DUHEU  THE  REPORT  PERIOD 

A.  Analysis  of  System  Functions  -  Task  #2 

B.  Translation  of  Functions  Into  Design  Requirements  -  Task  #2 

C.  Review  of  Documents,  Studies,  ATT,  ATP,  etc. 

D.  Review  of  Technical  Data  from  Known  Scoring  System  „ 
Manufacturers  -  Task  ;f3 

E.  Analysis  of  Scoring  Systems  -  Task  #3 

(Hardware  in  Comparison  to  Functional  Requirements)  c  „ 
=\  7.  c  Initiate  Task  #4  !  -  c.  '« •"*  /  £  ■■  °  •’  1  c  » 

V  PROBLEM  AREAS 

A.  Input  Data  f/Cort  Effectiveness 

B.  Lack  of  Information  from  Scae  System  Manufacturers 
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c 

VI  WORK  TO  BE  ACCOMPLISHED  BEFORE  NEXT  TRC 

"  :  '  .  '  -  :  .  ■  .  '•  .  '  ‘  .  '  *  tC  ‘ 

A.  Complete  Task  #4 

B.  Initiate  Task  #5  &  fftT 

VII  WORK  STATUS 

Approximately  Uo£  of  the  study  effort  has  been  accomplished  vith 
same  percentage  of  man/hour  expenditure* 
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CA-191-69 

REDjbat 

23  July  1969 


To: 

Department  of  the  Navy 

Naval  Training  Device  Center 

Orlando,  Florida  32813 

Attention: 

Mr.  K.  W.  Peterson,  Code  371 

Project  Engineer 

Army  Participation  Group 

Reference ; 

Contract  N61339-69-C-0178 

(Armed  Aircraft  Qualification  Range 

Scoring  System  Study) 

Subject: 

Second  Technical  Reporting  Conference,  (TRC) 
17  July  1969 

1.  The  Second  Technical  Reporting  Conference  for  the  Armed  Aircraft 
Cualification  Range  Scoring  System  Study  was  conducted  at  Los  Angeles, 
California  on  17  July  1969.  The  following  personnel  were  in  attendance j 


Mr.  Paul  S.  Walker 
Mr.  K.  W.  Peterson 
Mr.  John  P.  Ford 

0  r 

Mr.  Art  Sullivan 

-  0  e  -  •  -- 1  s  1 ' 

Mr.  Wally  Brondstatter 
Mr.  John  M.  Haanond 


Army  Participation  Group,  NTDC  Code  381 

Project  Engineer,  NTDC  Code  371 

Boot -Allan  Applied  Research,  Los  Angeles 

‘  •  '  Vc  =  Tf  *  <  “  c  i  s<>  V  ?’  o' 

B 00 z<* Allen  Applied  Research,  -Loo  Angeles 
Del  Mar  Engineering  Labs.,  Los  Angeles 
Del  Mar  Engineering  Labs.,  Los  Angeles 


2.  Attached  as  Enclosure  1  is  the  Technical  Reporting  Conference 
Agenda  covering  topics  vhich  were  discussed,  and  ir.3ert  data  for  updating 
the  TRC  Manual.  Item  I  of  the  Agenda  covered  the  purpose  of  the  confer¬ 
ence  and  a  review  of  what  had  been  accomplished  prior  to  the  first  TRC. 
Item  II  consisted  of  a  description  of  Study  Tasks  * 2  and  $3,  while  Item 
HI  vas  a  review  of  the  program  schedule.  It  was  pointed  out  during  this 
discussion  that  the  program  was  on  schedule,  and  that  tasks  were  being 
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e  -  -  °  -  fi  .  r  . 

Jfaval  Training  Device  Center  l'  ‘  1  CA-191-^9 

Orlando,  Florida  23  July  1569 

Attention:  Kr.  K..W.  Peterson  -2- 

eonpleted  aa  planned.  Item  IV  of  the  Agenda,  "Accompli shnents  During  the 
Report  period,"  was  divided  into  six  sub-items.  Sub-items  A  and  B  concerned 
Taok  #2}  auto-items  C  and  0  concerned  the  review  of  technical  data  and  "off- 
the-shelf"  scoring  systems  (Task  ;'3)»  sub-item  E  vaa  an  analysis  of  "off-the- 
shelf”  systems  and  a  comparison  of  these  systems  to  the  optimum  system's 
functional  characteristics  as  determined  in  Task  #2;  sub-item  F  concerned 
work  being  done  on  Task  A. 

3.  During  the  discussion  of  Task  #2  accomplishments,  it  was  agreed  that 
the  contractor's  development  of  functional  requirements  for  the  system  was 
correct  and  that  the  results  appeared  adequate.  A  detailed  write  up  of 
accompli shements  for  this  task  is  furnished  herewith  and  should  be  Included 
as  Tsb  VIII  of  the  TRC  Manual. 

4.  Discussions  concerning  the  review  of  technical  documents,  ATPs,  ATTs, 
etc.,  revealed  that  all  technical  information  requested  has  been  received 
and  that  no  problem  area  exists.  However,  it  vaa  reported  by  the  Contractor 
that  information  requested  from  manufacturers  concerning  "off-the-shelf" 
scoring  systems,  generally  was  incomplete,  and  that  several  manufacturers 
had  not  responded  to  the  request  for  system  specifications.  The  contractor 
informed  Government  representatives  that  a  "second  request"  letter  had  been 
transmitted  to  these  manufacturers.  A  copy  of  this  letter  is  provided  and 
should  be  included  with  Tab  4  of  the  TRC  Manual. 

5.  In  conjunction  with  the  review  of  "off-the-shelf"  scoring  system 

specifications,  mentioned  above,  an  analysis  was  made  of  each  system  in 
terms  of  tha  functional  characteristics  of  the  Armed  Aircraft  Cualification 
Range  Scoring  System.  Wo:  ,<-ah.  -ta  and  summaries  prepared  in  conjunction 
with  the  review  are  furnished  herewith  for  insertion  aa  Tab  IX  to  the  TRC 
Manual.  These  worksheets  and  summaries  will  be  used  during  the  execution 
of  Task  i4.  \ 

6.  The  status  of  Task  v4  accomplishments  was  discussed  and  the  work 
reviewed.  Details  are  furnished  on  Pages  23  through  45,  Tab  VIII  of  the 
TRC  Manual. 

7.  Anticipated  problem  areas  were  discussed.  These  are:  1)  cost 
effectiveness  trade-offs  and  the  lack  of  good  information  on  level  of  pro¬ 
ficiency  oa  vhich  to  base  a  measure  of  performance;  2)  a  good  definition 
of  operational  effectiveness  of  trainees  and;  3)  complete  information  on 
"off-the-shelf"  hard-rare  (vindcr-supplied  information).  It  was  agreed  that 
the  contractor  would  .make  assumptions  on  performance  ar.d  proficiency  for  the 
purpose  of  completing  the  cost  effectiveness  modeling.  The  basis  for  the 
as3'^aptions  are  to  be  described  in  order  to  provide  a  measure  of  confidence 
level  on  accuracy  of  the  estimates.  When  better  information  beccaea  available 
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Nival  Training  Device  Center  CA-191-^9 
Orlando,  Florida  23  July  1969 
Attention:  Hr.  K.  w.  Paterson  -3- 


The  Contractor  will  continue  to  atter.pt  acquisition  of  core  information 
from  vendors  on  "off-the-shelf"  hardware  throughout  the  study  program,  up 
until  conclusion  of  Task  #4. 

8.  No  exception  to  current  program  direction  or  results  was  taken 
by  Government  representatives.  It  was  agreed  to  accept  the  Contracto’a 

recommendations  for 

1.  Separating  the  point  weapon  targets  from  area  weapon  targets 
during  Individual  Training. 

2.  Compression  of  maximum  data  rate  for  display,  from  rate  of 
five  (up  to  24,000  RIW)  to  l/4  second  for  reduced  scoring 
rate. 

3..  Change  of  horizontal  scoring  plane  (area  weapons)  from  clock 
to  quadrant  and  the  reduction  of  2  miss  zones  to  1  for  over, 
short,  left,  or  right,  the  latter  for  consistency  with  the 
vertical  scoring  plane  (point  weapon)  requirement. 

9.  It  was  agreed  that  the  Third  Technical  Reporting  Conference  would 
be  held  during  the  last  week  of  August  19^9,  the  date  and  place  to  be 
mutually  agreed  upon.  The  Contractor  stated  that  by  that  time,  Task  #4 
would  be  complete  and  that  Tasks  if 5  and  #7  would  be  well  under  way. 

10.  It  was  stated  by  the  Contractor  that  it  is  estimated  that  the 
study  is  approximately  40^  complete  and  that  approximately  50“&  of  the 
authorized  nan/hour  effort  had  been  expended. 

11.  c  This  report  is  furnished  to  comply  with  the  requirements  set  forth 
in  Section  "C",  Item  2.d.  of  the  referenced  contract.  » f  c  * 

DEL  MAR  ENGINEERING  LABORATORIES 


R.  E.  Denney 

Administrative  Assistant 
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a*  ■  j  r-A 

T?fi?.T)  i  :.  cinrir.\L  p  crties  cr'et-: 

23-24  September  1>o9 
Contract  e6] 539-65-00173 
ARMED  AIR  T.-AFT  CUALIFICATIC:.*  RAi;G2  SCCRlIIir  SYSTEM 

1  PROGRAM  FLAN 

Purpose  of  Meeting 
Progroia  Schedule 

ii  accmclisptelts  luvied  the  report  period 

A.  Completion  cf  Taak  4  (Trade-Off  Emruiries) 

B.  Initiation  of  Task  5  (Draft  Performance  Specification) 

C.  Initiation  of  Task  7  (Draft  Concept  Formulation  Report) 

III  PROHLIM  AREAS 

A.  Input  Data  for  Cost  Effectiveness 

B.  Lack  of  Information  for  Some  System  Manufacturers 

17  vc::<  YET  TO  BE  ACCOMPLISHED 

Ce-.plet:  Tasks  9>  6,  i  7 

V  WORE  STATUS 

Approximately  75^  of  the  Study  Effort  has  been  acccnplished. 


kavtrat  ~/c  :/  6o-c-oi73-i 


CA-251-6? 

KEDjbat 
lU  October  1$69 


To: 


Attention: 


Reference : 


Subject; 


Department  of  the  Navy 
Naval  Training  Device  Center 
Orlando,  Florida  32313 

Hr.  K.  W.  Peterson,  Code  371 

Project  Engineer 

Army  Participation  Group 

Contract  1^1329- -9-C-017S 

(Arned  Aircraft  Nullification  Range 

Scoring  System  Study) 

Third  Technical  Reporting  Conference,  (TRC) 
23  -  24  September  1969 


1.  The  third  Technical  Reporting  Conference  for  the  Arced  Aircraft 
Nullification  Range  Scoring  systen  Study  vac  conducted  at  the  Contractor’ 3 
facility  at  L03  Angeles,  California,  on  23  24  September  l£c9.  The 
follc/vir.'*  personnel  vere  in  attendance: 


Mr.  Paul  S.  Walker 
Kr.  K*  Vf.  Peterson 
Captain  Robert  N.  Franklin 

c  C  ■  - 

C 

Mr.  John  P.  Ford 


A rry  Participation  Group,  NTDC  Code  581 

Project  Engineer,  NTDC  Code  371 

U.  3.  A rry  Amor  School,  Weapons 
Dept.  Fort  JOiox,  Kentucky 

Booz-Allen  Applied  Research,  los  Angeles 


Kr.  Wally  2iondctatter 
Kr.  John  M.  Hammond 
Kr.  0.  B.  I^L-augh 


Del  Mar  Engineering  Labs.,  L03  Ar.geles 
Del  Mar  Engineering  Labs.,  L03  Angeles 
Del  Mar  Engineering  Labs.,  L03  Angeles 


2.  Attached  a3  In 
covering  topics  whicl 
ccncistei  of  a  pres.;. 
i:g  this,  Government 
on  all  data  prepared 
portion  of  the  confe: 


loTure  1  is  the  Technical  Reporting  Conference  Agenda 
,  vere  discussed.  The  initial  portion  of  the  conference 
g.aticr.  by  the  Contractor  cf  all  agenda  items.  Eollcv- 
r cpresentatlvea  revic-.  ci  and  precar.i  in'orral  cuestions 
by  the  Contractor  during  the  report  period.  The  final 
■c.nce  included  &  review  cf  the  Cc/errr.ent  representatives 


Jbival  Training  Dev!  ~e  r-*n ter 
Attn:  v.r.  K.  V.’.  I  -tero-on,  Cole  371 


ca-f  51-69 

14  October  IS' 9 


co:*.~.c-ntt»  e n't  a  criti  c  .1:  of  the  Contractor ' 3  acccv.pl  ich.nents,  spprovil  of 
hi  a  c;.p.T  tones  to  t;  .•  vnrio  ir.  etuly  prcVilcas  and  answers  by  the  Contractor 
to  all  questions  ftor.era.tod  by  the  Government's  repreoentatlvrs.  Item  I 
of  the  Agenda  review- ml  the  purpose  of  the  conference  and  struiarizel  all 
that  had  bc-en  eccc'-pli  shad  prior  to  the  cc-r.tenceaent  of  this  reporting 
period.  The  program  schedule  ins  reviewed  end  reasons  for  a  four  weeks* 
slippage  in  the  contract  ccnedule  were  discussed.  It  vac  mutually  agreed 
between  Contractor  end  Government  Representatives  to  submit  to  the 
Contrasting  Officer  a  letter  request  for  an  extension  of  one  month  to  the 
contra : a  schedule.  Agenda  Item  II,  "Accompli shr.c  n t 3  During  the  Report 
Period",  was  divided  into  tkjrce  sub-items.  Gub-itm  "A"  concern'd 
completion  of  Teak  4,  "Candidate  Cyctcm  Trade-Off  Cunmaries";  sub-iten 
"D"  eonc-'rr.ed  the  initiation  of  Tack  5,  "preparation  of  the  Ultimate 
jeering  P/Btcn  Performance  Jpecificutior.",  end  sub-item  "c"  represented 
a  su -nary  of  progress  to  date  on  "The  Concept  Formulation  Report",  Task  7. 

3.  Included  herewith  c 3  Enclosure  2  is  a  tu-nar/  of  the  Contractor's 
Task  4  nativities  rrd  ecc< — iliehnents.  It  vas  concluded  that  the  Contrac¬ 
tor's  efforts  end  methods  used  in  the  scoring  system  trade-off  analysis 
were  ao- stable,  sr.i  that  the  rutir.’  s  rssi-T.ni  each  of  the  sixteen  candidate 
herd1-"' re  systems  *..cr-;  anpropriate  to  essential  functional  system  require -cent 
The  cy.-.mn  awarded  th.c  highest  score  r.eet3  less  than  50 <■"!>  of  the  essential 
require-  fjr.ts  for  an  idealised  range  scoring  system. 

4.  A  'raft  specification  for  the  idealized  rr.rge  scoring  system  was  pre- 
se-nted  by  the  Contractor  (Task  5).  The  specif icaticn  includes  al.l  the 
essential  functional  scoring  system  requirements  v.cich  were  developed 
during  Tasks  1  and  2.  Government  representatives  errpressed  satisfaction 
with  the  scope,  ccr.'.e.ct,  ar.i  format  of  the  Ire  ft  specification,  su  nesting, 
however,  that  a  more  specific  delineation  of  system  characteristics  be 
ircorpo-aced.  The  Ccr.sractor  agreed  to  ir.~orpcraco  the  suggestions  rede 
durir. ;  c  e  critique  portion  of  the  conference.  A  copy  of  cue  draft  speci¬ 
fication  is  attached  herewith  a3  Ir.clocur a  3.  The  preparation  of  a  cost 

ef  fectivu.oess  study  is  required  to  complete  Tack  5.  Since  neither  opera¬ 
tional  nor  specific  t_u -ware  acquisition  cost  data  i3  available,  a  coot 
r.O'iel  vas  constructed  and  presented  at  the  conference.  It  was  agreed  that 
this  model  should  be  used  in  the  Contractor' 3  cost  effectiveness  effort. 

Thi3  modil  ar.d  other  rationale  is  provided  a3  Enclosure  4. 


5. 

Pcpcr 
until 
fur  mi 


Tr.e  Contractor  initiated  work  cn  Ta3k  7,  ("The  Concept  Formulation 
”),  during  the  r  :mm  period,  but  this  obviously  car.r.ot  be  finalized 
all  study  tasks  are  completed.  A  copy  of  th'.3  draft  report  is 
hc-i  herewith  as  kr.clcrure  5.  It  was  mutually  agreed  that  '~ZC  would 


not  furnish  a  "Foreword "  to  this  report  and  consequently  will  be  ctcitted 


by  the  Contractor. 
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- , ,  :iwr?A,;_vo:?i ,6?-c-oi73-i  -  .  -  -  *  iV;  / 

I.’ivsl  Trillin#  Dc/lc>;  Center  0.4-251-^9 

Attn:  f‘j".  K.  W.  /"terflon,  Code  371  I*!  October  1<; .) 


6,  It  v33  reported  by  the  Contractor  that  the*  problem  areas  reported 
during  the  Second  Technical  Reporting  Conx'crence  61111  ercist,  t-vely, 
lac.<  of  data  for  a  complete  cost  effectiveness  effort  and  lack  of  complete 
information  fren  scorirg  system  ranufacturora.  It  vaa  also  reportei  by 
the  Coat* actor  that  approximately  75;'  of  the  atuc’y  effort  vas  ccrpicte. 
Work  yet  to  be  accomplished  induces  completion  of  Tasks  5»  6»  and  7. 

7.  TMs  report  Is  furnished  to  comply  vith  the  requirements  set  forth 
In  Section  "C:,»  Item  2d  of  the  reference  contract;  submittal  of  this 
report  so.tiefiea  completion  of  Item  2  of  the  reference  conti act. 

DEL  MAR  EXIIZERira  IAI  ORATORIES 


R.  E.  Denney 

Adnini strati ve  Assistant 


Enclosures:  Aa  Noted 


f 
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i.  r-_- 
i/.  »  0/ 
all  cu.nd: 


'pirnoso  oi  t 
.  on  'i.v.-t'rin.': 

,*  •  .■>  »*•  . 

.  .  • 1  Jb  *  tj 


l.-  ivvr.*fc  l.i  +c  determine  the 
f'lYo’ t  r.:.d  an  c-:tiret“J  cost 
ovir. ;  i  la  meet,  the  id. 


r mount  ard 
lo  update 
:Ii red 


cy.lr-.'e  fu.-.nticr  »1  r:»fU-v:ent3*  ; 
c‘.  i>op* V-.-.— art  t  •  ole.-/  and  the 
or  fcl'—iific  aivancos  to  echieie. 


his  deterr,  unction  in  limited  to 
d--velops.eat  vill  not  require  inventir 


.1 


2.  r- 
c-*  ■  .1 '  ; 
cud  roc." 
Atl  cede  • 
for 

th  fCL'c 
rL.'.z  -ai 


In  etn’y  tasha  3  •‘'-”1  U  it  vns  ascertain. i  that  c^ch  of  the 
off-th-'-r'.elf"  .n.-nrir..j  cynic ms  wore  fur-tile  oily  ir.ndccuate 
’•ot  all  t:  :  rsnuirenenta  of  the  inralirrd  ir/stci  sne cifiea.ion. 
!i*.  Ivbli’S  2  throf'h  17  ars  indlvidurl  d  tv  dry  ental  cjv  irate.: 
c-anlMatf  r./.-.tci  shewing  o.lep.,.?d  development  tir.e  ar.d  ec3t  of 
b  required  to  o~>tl-ilee  each  encroach  as  well  as  estimated  recur- 
.•  trance  end  of-'ratiora  expenses. 


3.  Ce-  r.  ” - 1  ? ~ •> t  ’ •  *  '•(-'’olc  — .  70  (! vvelro  a  method  of  est'T.tiryj 

a'iltiv:  l  r..*  to  .;ii  «... ;  •“:  ;~V.f»d  pro '.’action  costs  for  car.ii'.’.te  cysUr.r, 
vithovu  t-  pti:-.q  to  fcricnat  individual  company  bevel  op:--ent  coots,  a 
etr.rdardl  .cd  method  of  cost  estimating  was  used. 


A  r.-  v  percent' -e  fi  yarn  was  derived  for  each  csr.L’idate  lyoie.i  by  t  d-cir. 
the  we-l.;...*:d  sc-'r-:  for  each  ays  ter.  Jess  the  points  for  the  airborne  c.\t  a 
lir',  or.  I  data  Tv1' ■-.•.•  dir.m  can-abilities,  rs  these  would  have  to  be  developed 
by  coch  candidate  :.y ten  rArufact’irer. 


A  development  ntio  fcctnr  vas  then  generated  by  using  the  inverse 
square  of  the  pcrcvT. i.je  i.-ure. 


All  candidates  who  had  a  new  percent',  gc  fi-yure  of  belcv  fO"!  were 
eli-.ir.at-.  1  on  the  basis  of  excessive  development,  this  elso  tended  to 
eliminate  unsuitable  systems. 


2.7° 


Sev.-icnnent  ratio  factors  then  reread  fren  a  lev  of  1.4  to  a  high  of 


Times  factor  of  ’0  is 
base!  on  previous  r.rr  >are 


the  ratio  of  production  to  development  co3t, 
develop-;  ?nt  ex—erierce. 


£?•/■<»•.  c~;nt  cos's  v-ere  then  estimated  sj: 

Eitistir^  production  costa  tines  20  tires  development  ratio 
factor. 


Prod-  c tl cn  cc-w  vere  then  estimated  a3: 

levels —  T.t  coat  +  original  production  cost. 

20 

Tab!  r  1  shews  cost  estimation  data  generated  during  costing  effort. 

Pevclc  c-n ~  ~  vere  er.ortioed  ever  20  systems  for  10  years  for 

"the  cc.it  a-:. 
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c  BVVTRADT/Crilf  69-C-0173-1 

Candidate  3  via  not  included  in  tho  coat  estimates 'due  to  lee:;  ci 
ony  priclry  data. 

Candidates  1?  end  lo  wore  eliminated  on  the  basis  that  a  pure  hit 
panel  ry.,  tea  would  be  uneui^nhl*.-  -.'or  development  due  to  the  la  rye  seoriny 
areas  involved,  and  replacement  coats. 


JTAVTRADir/CEN  69-C-0178-1 
COST  WORKS-SET 

approach  ;to.  1 

6  1  C  '  c  .  -c  c  o.  C  c  c  Cf  e 

ELECTRONIC  SCORIitt  system,  model  8oob  ■ 

BABCOCK  ELECTRONICS  CORPORATION 

This  Electromagnetic  Fulsc-Doppli  r  Scoring  System  was  designed  primarily 
foi  use  with  rlrbi— .;■»  targets  end  has  been  produced  for  the  U.  S.  Army  and 
Air  loroe,  Ala  no  t.rj  "scoring  prir.cip]  C3  used  in  this  system  could 
satisfy  a  number  of  the  functional  requirements  of  the  Armed  Aircraft 
C.ualifloalion  Range  Scoring  System,  limitations  in  the  following  areas  have 
Vcr.  defined: 

Scoring  Radius:  Limited  to  50  feet 

Accuracy:  Adequate  only  vith  large  caliber  veapons 

Two  square  feet  radar  cross  section  or  more 

Caliber/Type  Weapon:  Vo  capability  vith  5.56  or  7.62m 

Vector:  No  vector  information  provided 

Data  Display:  Ho  real- tine-hit,  mi/.s  and  vector  data 
displayed 

Malfunction/Eamage  Alarm:  None 


Development  C03t  Estimate  $  TT/a 

Elapsed  Development  Time  _ Months 

Exceptions :  None 

Note:  Eliminated  as  candidate  due  to  lev 
functional  performance. 

System  life  cycle  :t/a  years 

TABLE  2 


Production  N/A 
Installation  N/A 
Annual  Maintenance  N/A 
Annual  Operation  N/A 
Annual  Spares  N/A 
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KAVTianr/c"*  69-C-0178-1 
cost  voi-ti-ir 

1 

APT?, 'Ctrl  "O.  2 

pzrsoIuEL  targe?  scoring  system 
babcock  electronics  corporation 

This  ryot c  i  vhich  is  under  development  for  the  U.  S.  Arry  Is  designed  to 
s'.nr.c  r.it-os  of  projectiles  from  flcehette  to  iiCcra  in  size  and  the  point- 
of-i'."'nct  for  hCv.'.ra  f. renaf.es  surrounding  a  personnel  type  target.  Application 
of  this  f.ystcm  to  the  functional  requirements  of  the  Armed  Aircraft  Quali fl¬ 
ection  Range  Scoring  System  leaves  deficiencies  in  the  following  general 
areas: 

Scoring  Radius:  Limited  .to  20  cetera 
i  Accuracy:  unstated  (developmental  system) 

Caliber/Type  Weapons:  Limited  to  projectiles  5-5&  to  hCma 
Data  Dlfrplay:  No  real  time  display  of  hit-ni3S  or  vector  data 
i  Vector:  No  vector  data  provided 

Molfuncticn/Bar.age  Alarm:  None 


.  C  e-  c  r  '  \  :  \ 

.  >_  (  r  ■ 

c  •  r 

1 '  ■  \  '  c  ' 

' 

Development  Cost  Estimate 

n/a 

ESTr'ATES 

. 

ITEM 

CCv.T 

Elapsed  Development  Time  ^ 

Months 

n/a 

Production 

Exceptions:  None 

s’ 

Installation 

n/a 

Note:  Eliminated  as  candidate 

/ 

due  to  lew 

J 

Annual  Maintenance 

n/a 

functicnal  performance 

and.  lack  of 

Annual  Operation 

n/a 

cost  information. 

Annual  Spare  s~~  \ 

n/a 

System  Life  Cycle  N ^  Years 


KWTROIVCO  69-C-017G-1 

'«  .  •  .  -  ,  S  .  ,  ,  e  .  -  ■  DJ  <"  .0  .  Cr_=  ; 

c_ =c,t-"  ,=  o  •  s_-;c"  '  -  .  /  .  r.  cc,  ,0  ..  «  ;  /  j_ »  c  <=  =■'„ -o  . 

COST  VKSlwNSST 
APPROACH  NO.  3 

MISS  DISTANCE  ACOUSTIC  DETECTOR.  ' 

SFEHA  MODEL  MAE  123 

TMa  acoustic  (amplitude)  system  vas  designed  primarily  for  use  with 
c  -;rjal  te’-ryts  and  ha3  Icon  in  use  by  the  Trench  Air  Force  and  Army  for 
several  y“£ra.  The  principles  of  operation  and  scorin3  methods  used  are 
od'ptabls  to  the  Armed  Aircraft  Cuaii  ideation  Range  Scoring  Oysters  but  in 
r-iiny  regards  are  not  compatible  vith  its  fund  onal  requirements.  The 
major  diversions  are  as  follows: 

Scoring  Rate:  IJot  stated 

Scoring  Radius:  Limited  to  4.5m 

Accuracy:  Not  stated 

Caliber/Type  Weapon:  Used  with  50  caliber  and  30mm  only 

(super-sonic) 

Vector:  No  vector  information  provided 

Number  of  Targets  per  £^sten:  Limited  to  1  target  per  system 
Simultaneous  Multiple  Type  Weapons;  Limited  to  1  type  of  weapons 


Development  Cost  Estimate  $_ 

n/a 

ESTIMATES 

Elapsed  Development  Time 

Exceptions:  None 

N/a  Months 

ITT! 

Production 

Installation 

COST 

N/A 

n/a 

Note:  Eliminated  a3  candidate 

i  due  to  low 

Annual  Maintenance 

n/a 

functional  performance 

and  lack  of 

Annual  Operation 

n/a 

coat  data. 

Annual  Spares 

n/a 

System  Life  Cycle  n/a  Years 


TAE1Z  4 
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KKVISUDSVCar  69-C-0178-1 


CC'T  WO?~.S\~IT 
AFT ROACH  NO.  4 


RADAR  SCORING  SYSTEM  MODEL  RA SCORE- S 


SANDERS  ASSOCIATES,  INC. 


This  clcctronoqnetic  pcorinq  system  is  designed  for  alr-to-Tror^d  atrftfir.3 
use.  It  ia  tennd  on  the  pulsed  dc^riler  rf.dar  principle,  c slitCle  intensity. 
Mien  applied  to  ti.i  functional  requirements  of  the  Arced  Aircraft  Cualifica- 
tion  Ran^o  Scoring  f/sten,  aoae  significant  diversions  are  observed  and 
follow: 


Scoring  Radius :  Limited  to  20  feet 
Caliber/Type  Weapons:  7.62a a  to  4<>na  only 
Zone/Vector:  Single  Zone/no  vector 
Vert /Mori  7.  Plane:  Vertical  only  (point  weapons) 

Anno  Characteristics:  Inert  only 

Data  Trans  Pan 30 j  1  mile 

Dive  An^le:  Li'iited  to  between  5*  and  15* 

Approach  Azimuth:  15*  -  0*  -  15* 

Vulnerability;  Due  to  bulX  of  sensing  hardware,  down  range 
equipment  nust  be  protected. 

Malfunction/rrcage  Alarn:  None 


Development  Cost  Estimate  &  StQ.'XO.OO 
Elapsed  Development  Tine  5"t.  2?  Months 
Exceptions:  None 

Syyten  Life  Cycle  10  Years 


rr"*! 

r  -  - 

Production 

$?3,OCO.OO 

Installation 

3,500.00 

Annual  Maintenance  4,?00.00 

Annual  Operation 

8,COO.CO 

Annual  Scares 

57, '00.00 

TA3IE  5 
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r  °  o 

c;'  '-V.'-  '  1  *‘V  °-  "cC3T  WORKSHEET  i'v  ^  * 

APPROACH  no.  5 

'  .  *■  ••  KADAR  SCORING  SYSTSl,  MODEL  RASCCRS  AP 

SANDERS  ASSOCIATES  INC. 

This  electromagnetic  scoring  system  vaa  designed  for  use  with  a  single 
personnel  tyre  t.'ir-’it.  It  ia  based  on  the  pulsed  dopplcr  ra<lar  principle, 
nr  plitu  ‘ ;  intensity"."”  This  system’s  characteristics,  when  applied  to  the 
funetioi.nl  require? wnto  of  the  Armed  Aircraft  Qualification  Range  Scoring 
System  are  inconsistent  in  many  respects.  Major  inconsistencies  are  ®3 
follows  j 

Scoring  Radius:  Limited  to  4  meters 

Caliber/Type  Weapons:  Limited  to  5.56mm  to  50  caliber 

Zone  *’ector:  No  vector  data  provided 

Horirontal/Vertical  Plane;  half  hemisphere  only  each  plane 
Data  Display:  No  special  display  for  real  time  readout 
Approach  Azimuth;  0*  -  l80* 

Malfunction/Danage  Alarm:  None 
MTBF:  100  hours 


c  •'  «  sc  CO.  '  c  ’  _  CC  C 

0  <* 

c 

■  c«’ 

-  -c  r  Cc  c 

c  "  c  c  c 

Development  Co3t  Estimate 

$  N/A 

1  ^ 

n/a 

item 

CCJT 

Elapsed  Development  Tice 

_Months 

n/a 

Production 

Exceptions:  None 

Installation 

n/a 

Note;  Eliminated  as  candidate  due  to 

low 

Annual  Maintenance 

n/a 

functional  performance. 

Annual  Operation 

n/a 

System  Life  Cycle  ?/\  Ye 

ars 

Annual  Spares 

n/a 

TABLE  6 
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KAVTaVO'.VCr^f  69-C-0178-1 

cocr  i.'omcaEEr 

APPROACH  HO.  6 

RADAR  SCORING  SYDT’JM,  MODEL  RASCORE-M 
SANDERS  ASSOCIATES,  INC. 


This  electromagnetic  scoring  system  vas  designed  for  use  in  either  an 
olr-to-r-  lr  or  a  rrcv-j-to-iir  annllcatlon.  It  gives  continuous  nis3 
aistmeu  ..eale  data  cr.u  is  based  on  t.:e  pulsed  doppler  correlation  radar 
principle  using  p 3 ev do- random  coded  phase  reversal  r.odulation  techniques. 
Primary  intended  use  i3  vith  missiles  having  a  reasonable  large  radar 
cross  section.  The  characteristics  of  this  system  vhen  correlated  vith 
the  functional  requirements  of  the  Armed  Aircraft  qualification  Range 
Scoring  System  reveals  that  some  essential  qualities  are  lacking,  namely: 

Scoring  Rate:  Approximately  660  RIM 

Caliber/Type  Weapon:  Only  missiles  vith  2  square  feet  radar 

reflectivity 

Zone/Vector:  No  zone,  no  vector  data 

Malfunction/Demage  Alarm:  None 

KTDF:  100  hours 


Development  Cost  Estimate  $_ 

n/a 

ECTr'ATES 

*/A  _ 

ITEM 

cc.: 

Elapsed  Development  Time 

_  Months 

n/a 

Production 

Exceptions:  None 

Installation 

n/a 

Note:  Eliminated  «3  candidate 

due  to 

lev 

Annual  Maintenance 

n/a 

functional  performance. 

Annual  Operation 

n/a 

System  Life  Cycle  N/A  Tears 

Annual  Spares 

n/a 

TA3LZ  7 
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NAVTOAD-VC  II  C9-C-0173-1 

'  6  "■  v’  ;*•"'«  •  cobr  voiixstizsr  '  -'**  "oV  '' : w  ■  4  '  '  * 

APTRCACH  NO.  7 

=  c  •  ' c  acoustic  scoring  system,  model  da-3f 

DEL  MAR  ENGINEERING  LABORATORIES 

This  acoustic  (amplitude)  scorinc  cysten  is  in  vid*  use  ly  U.  S.  Navy  end 
Air  Force  as  an  air-to-ground  strafing/ gunnery  trainer.  When  comparing 
the  cncrationpl  characteristics  of  this  system  to  the  functional  requlre- 
Bcnts* of  the  Armed  Aircraf t  Qualification  Range  Scoring  Gy -item.  the 
following  inadequacies  have  been  noted: 

Scoring  Rate:  Presently  lifted  to  10,000  RIM 

Scoring  Radius :  presently  limited  to  15n 

Zone /Vector:  No  multiple  zone  -  no  vector  data 

No.  of  Targets  per  System:  Limited  to  1  f/oinultaneous 

scoring 

Simultaneous  Multiple  Type  Weapons:  One  calibe.-/type 

at  a  tine 

MTBP:  700  hours 

Data  Recording:  No  provision  for 


Development  Cost  Estimate:  t  7Q5iOOO 

Elapsed  Development  Tine  IP.  Months 

Exceptions:  None 

System  Life  Cycle  10  Years 


ESTIMATES 

c 

item 

c  c 

Production 

$  60,250 

Installation 

250 

Annual  Maintenance 

2,UOO 

Annual  Operation 

8,000 

Annual  Spares 

22,025 

TABLE  8 


286 


HAVTPAOif/CEN  ^9-C-01?8-l 


COOT  l/C.J.'CSHEKP 

APrsaru  no.  8 


ACCUSi’IC  SCOPUS  S7.TTLM,  MODEL  LA-32 
DSL  MAS  .EIBHffiSaE:0  LALORATORIES 


Thin  fixed  acoustic  (ecralitude)  scoring  cystes  is  in  use  at  helicopter 
training  school  of  the  u.  S.  Ar,:y  for  r. tr-to--ror:id  r^nnery  qualification. 
A  cor.pt. of  the  c;  craticr.il  cherac  ..eristics  cx^thin  system  vith  the 
fUr.ctior.nl  requirements  of  the  Arsed  Aircraft  Oualificaticn  Range  Scoring 
S/cton  reveals  that  it  sects  all  requirements  except  the  following: 

Scoring  Pate:  up  to  6000  REM 

Transmission  Range:  Up  to  10,00CM  (Wire) 

Data  Display:  Ho  vector 

KTBF:  700  hours 

Zone /Vector;  Partial  vector  (Cocbi nation  of  2  or  more 
sensor s) 


Dovelopr.ent  Cost  Eat  irate  $  580,000  _ ESHV.Vm 


Elapsed  Development  Tine  12-1/2 

IL-M 

«  -X  — 1 

\j'*  : . 

Months 

Production 

$!+9,COO 

Except ions:  Hone 

Installation 

5,750 

Annual  Maintenance 

2,000 

Syatea  Life  Cycle  10  Tears 

Annual  Operation 

8, COO 

Annual  Spares 

20,900 

TABLE  9 
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KWSTAitiVC' f?  6>>C-  01?3-1 

cor.r 

Ai-:-YCAC?r  :;o.  9 

ACOUSTIC  scores  SYSTEM,  MODEL  DA-3/A 
DEL  MAR  ESIIESRIKG  IAECRATCRIES 


This  acoustic  (er’pli  tuie)  scoring  system  used  by  the  U.  S.  Army  for 
yea  ~cnn  ton  cr*  1  •  ytion  and  possible  trainin';  mission  application. 

It  vaa'u”.;i,;no>j,  pf*".'  Tuly  for  air-to-ground  (halieeptnr)  gunnery 
ecorings.  When  cr.nj  irirq  the  operating  characteristics  of  this  system 
with  f  functional  requirements  of  the  Armed  Aircraft  fualification 
Range  Scoring  System,  limitations  have  b.?en  defined  in  the  following 
areas: 

Scoring  Kate;  6 000  RPM 

Zone  &  Vector;  No  vector  information  data 
Simultaneous  Multi-Weapon:  One  type  ammo  at  a  time 
MTBE:  700  hours 
Malfunction/cancge  Alarm:  None 


Development  Cost  Estimate  $  ?£0,GCO 
Elapsed  Development  Time  •  Eat.  19  Months 

5  s  c  0 

Exceptions:  None 

System  Life  Cycle  10  Years 


ii.:m 

-m 
•„  oi 

Production 

$73,000 

Installation 

250 

Annual  Maintenance 

2,UC0 

Annual  Operation 

3, COO 

Annual  Spares 

23,300 
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„  . ,  iiW'wAD'Tc:::;  69-00170-1  c 

COJ;  WORKSHEET 

Ayrr>r.y:H  no.  10 

ACOvJLTIC  &>  VIBRATION  SCORER/  SYCTiM  EA-2 

d::l  mas  escejettjuO  laboratories 

This  aecrir.g  system  was  designed  to  collect  both  hit  end  nias  distance 
data  fre*.  r^rr-nrM.  ty<.?  tercet <1  when  fired  on  with  snail  arms  (5.502s, 
7.62na  0 nd~ iTuc.;b  ttc )  end  to  ’collect  cones  miss  data  when  fired  on  by 
UOna  grenade a. 

Scoring  Rate:  12,000  RP'-Hit,  6000  REI-Miss,  500  Rf??-Grenadc 

Scoring  Radius:  0-2  cetera 

Caliber/Type  Weapon;  Grail  arras  u  hOrua  Grenade 

TrenenUcicn  Range;  10,000  feet 

Data  Display:  Conputer  Inputs 

KTBF;  500  hours 

Attack  Azimuth :  Hit  count  panel:  0*  -  60* 

All  others :  3o0* 

Malfunetion/Casage  Alarm:  None 


Development  Cost  Estimate  $  N/A  _ SS?rf-ATE3 _ 

_ rrM _ ccjt 

Elapsed  Develcr-.er  ;  Tine  n/a  Months  -  “ 

Production  N/A 

Exceptions:  None 

Installation  N/A 

Note;  Eliminated  as  candidate  due  to  low  Annual  yaintenar.ee  N/A 

functional  performance  and  lack  of  Annual  Operation  N/A 

accurate  cost  information.  Annual  Spares  5/A 

System  Life  Cycle  n/a  Years  -- 

TABLE  11 
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;  *  • »  ' .  " ,  •  ■  - v  s '  =. 

COOT  KOWEKESr 

apshoaci  ?;o.  11 

HIT  SENSITIVE  PANEL  TARGET  SISTLM,  X3.U09/1 
DEL  HAH  EMSINTdHING  IAEORATCEJES 


This  hit  panel  type  scoring  sy3ten  was  designed  primarily  for  use  on 
tci’V  •■T.-v.v  rev— in  both  a  stationary  and  mobile  configurations. 

C,  ...iri:  :  t.ii  c.var'o'eteri sties  and  capabilities  of  this  system  to  the 
functional  requirements  of  the  Arr.ed  Aircraft  Qualification  Range 
Scoring  ryaten,  it  ia  evident  that  the  following  areas  aro  not  fulfilled: 

c 

[ 

Scoring  Pate:  60  RPM 

Scoring  Radius:  Dependent  on  panel  size 
ZonJ/vector;  Neither  ia  furnished 
Data  Transmission;  Wire 


Data  Display;  Hone 
Dive  Angle:  0  -  60* 

Approach  Azinuthj  ±  60* 

I 

Malfunction/Darage  Alarm;  Hone 


:  '  f  Cc  ■  c  1  C  *  C  c  (  C  ;  c  ,  s  -  .  e  ; 

C  ^  „  '  e. 

c  C  ^  C 

to  c  c 

r  f  c  cc: 

Development  Cost  Estimate  $ 

n/a 

c  ESTIVATES 

H/A  Months 

T.  M 

ZZ*. T 

Elapsed  Development  Tice 

Production 

n/a 

Exceptions:  None 

Installation^ 

/ 

n/a 

Hote:  Eliminated  a3  candidate 

due  to  1 cv 

/ 

Arxual  Maintenance 

N/A 

functional  performance 

ar.d  lack  of 

Annual  Ope ration 

n/a 

production  cost  infaraation  . 

Annual  Sg.-d-es 

/ 

n/a 

TABLE  12 


;  MAVTRADSVCMI  <j?-C-0173-1  •  cf  ' .  ••  «  c  * 

cosn* 

aptt.cack  no.  12 

m?  panel  scopjng  system,  model  i.t-iU 

SAAB  AKTILSOLAG  (SHEDS) 

This  hit  panel  typo  scoring  systou  mis  designed  for  use  by  strafing 
aircraft  durir.g  individual  training.  A  ccrroxlson  of  this  syccT-T'a 
characteristics  with  the  functional  requirements  of  the  Arced  Aircraft 
Qualification  Kongo  Scoring  fasten  results  in  the  following  dlscrepancieej 

Scoring  Kate:  9000  RFM 

Caliber/Type  V.'eapons  7.62  -  UOca 

Zone/Vurfcor:  No  zone,  no  vector 

Scoring  Radius:  20  feet 

Data  Transmission  Range:  100CM  (Ulre) 

Data  Recording:  No  provisions 

Portability:  Fixed 

Dive  Angle:  10*  -  20* 

Approach  Azimuth;  *30 

s  v  •  '  ’  ‘ 

i  Malfur.cticn/Da.asge  Alarm:  None  «  c 


Development  Co3t  Estimate  $  n/a 

Elapsed  Development  Time  n/a  Months 

Exceptions;  None 

Note:  Eliminated  as  candidate  due  to  not 
being  capable  of  meeting  scoring 
radius  requirements  even  with 
development . 

System  Life  Cycle  v A\  Years 


.  EJJTr'ATTT 

r_  r?i 

J  .  J 

Production 

n/a 

Installation 

N/A 

Annual  Maintenance 

N/A 

Annual  Operation 

N/A 

Annual  Spares 

N/A 

13 
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KAVTaAI*“<CS.'I  69-C-01?c-1 
com  vo::^rii^T 

A?:-?g^g;i  ?-o.  13 

„  e  ;  ;  ■  -  c  ,  ,  M'  *'  ?  ■  * 

ACCSJSTIC  (AMPLITUDE)  SCOSINO  SYSTEM,  K0J2L  BT-23 
SAAB-LTJLCW  (SWEDEN) 


This  acoustic  (amplitude)  scoring  cystem  vas  designed  for  us*.*  with 
acrlnl  t  ir-ot.3.  A  comparison  of  thin  system's  characteristics  with 
the  iimcUonal  re, pair. meats  of  the  Armed  Aircraft  Qualification  Range 
Scoring  fy 3 tea  results  in  the  following  discrepancies: 

Scoring  Rate;  up  to  9000  RIM 

Zono/Vector:  No  vector, data  obtained 

Sinultaneou3  Multiple  Weapons:  One  type /caliber  weapon 

at  a  tire 

MTBF:  Not  stated 
Malfunction/Baroge  Alarn:  None 


Development  Co3t  Estimate  $  255,COO 

ESTIMATES 

r*:. 1 1 

■»  ■  m 

L,-.  .>. 

Elapsed  Development  Time  Est,  23  Months 

.  „  .  c  c 

"c  6  £  '  C  .  t  «C*  *  .  cOC  :  ••  ‘  .  ..  ”  W  C  0  C'  °  0  '  c 

Production  -  . 

$19,500 

Exceptior.3:  None 

r  Installation  0 

250 

Annual  Maintenance 

2,  TOO 

System  Life  Cycle  10  Years 

Annual  Operation 

8,000 

Annual  Spares 

17,950 

TABLE  lb 
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%  fmvnwTvarc::?*  69-C-0178-1..  ^  .. 

COST  WCr.-CSEET 
APiRCACri  NO.  14 

ACOUSTIC  (AMPLITUDE)  SCORING  SYCTPM,  MODEL  AS-lOO 
ATRONIC  A3  (S’.VELZN) 

Till .1  acoustic  (amplitude)  scoring  cystcn  was  designed  for  use  with  aerial 
tar-.-jtn.  Aa  In  ell  acoustic  (amplitude)  scoring  syotc;p.3,  a  number  of  the 
rsfT’iiicnents  can  be  satisfied,  but  when  the  system's  characteristics  are 
ccr.pared  to  the  functional  requirements  of  the  Ar:ed  Aircraft  Qualification 
Range  Scoring  System,  the  following  limitations  are  apparent: 

Scoring  Rate:  2000  RRl 

Scoring  Radius:  2  -  20M 

Accurecy:  <  90$ 

Zone/Vcctor;  12  zones  -  U  sector  under  development 
Scoring  Charts:  Supersonic  only  (no  HE  or  subsonic) 

KTBF:  Not  stated  <  "  '  ' 

Malfunction/Damage  Alarm:  None 

no.  of  Targets  per  System;  Limited  to  1  target  per  system 

Simultaneous  Multiple  Type  Weapons:  Limited  to  1  type  of 

weapon 


Development  Cost  Sat irate  $  h25,CCO 
Elapsed  Eevelopr.cnt  Time  Est.  22  Months 
Exceptions:  None 

System  Life  Cycle  10  Years 

/ 

y 

TABLE  15 


IT  Li 

C  CJ2 

Production 

$32,250 

Installation 

250 

Annual  Maintenance 

2, tCO 

Annual  Cperetion 

8,000 

Annual  Spares 

19,225 

293 


I&VTSADEVCLH  69-C-0178-1 


c  '  .  *  ,  ^  «cs’  = 

COJi*  WORKSHEET 
APHCACH  NO.  15 


ACOJU’IC  (AilPLITTn-;)  LCGRIVG  SYSX’EM  MODEL  MAE-14 
SFE'IA  (FRANCS) 


This  fixed  acoustic  acorirg  system  vas  designed  for  air-to-ground  gumeiy 
scoring  using  the  amplitude  principle.  It  has  been  used  by  i:-„e  branch  Air 
Force  in  eori.il  gunnery  training.  When  comparing  the  characteristics  of 
thin  system  to  the  functional  requirements  of  the. Armed  Aircraft  Qualifica¬ 
tion  Range  Scoring  System,  the  following  essential  elements  are, 

Scoring  Rate:  8000  R7M 

Scoring  Radius:  10:1 

Zone/Vector:  No  vector  data  furnished 

Type/Caliber;  Up  to  30mm  — 

Simultaneous  Multiple  Type  Weapons*  One  caliber  at  a  time 

Data  Transmission:  Wire  only,  no  TK 

Attack  Azimuth;  ±  20*  . 

Dive  Angle:  10  ±  5* 

Malfunction/panaga  Alarm:  Dene 

•  .*  «  e .  .  No.' of  Targets  per  System:  :  Limited  to  1  target  .  l  r:  «. 

<c  c 

Data  Recording:  No  provisions 


Development  Cost  Estimate  $  8-0, COO 
Elapsed  Development  Time  Sst.  33 
Exceptions:  None 

System  Life  Cycle  10  fears 


_ i?rr'AT~3 

r:-::i _ 

Months 


Production 

$56,? 00 

Installation 

5,750 

Annual  Maintenance 

2,400 

Annual  Operation 

8,000 

Annual  Spares 

21,650 

TABLE  15 
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ccfr  './crocr.L'zr 

aemcich  no.  16 


HTT  SXZN  SCORING  SxSTEM,  MODEL  VTS-RJM-1 


JOANZLL  IA3CHAT0RIES  INC. 


This  fl v.r;i  hit  scoring  system  vaa  designed  to  be  uned  in  training  tank 
r?inre-v  techniques  for  the  U.  S.  Army.  V.’hen  comparing  the  characteristics 
cf  i~i~  ryctem  to  the  functional  requirements  of  the  Arced  Aircraft  Quo-li- 
flcation  Karcjc  Scoring  J^steo,  the  foil  crying  liaitations  are  apparent: 

Scoring  Rats;  10,000  RE! 

Scoring  Radius:  Limited  to  panel  size 

Zone/Vector:  None  provided 

Data  Transmission:  IU9/15O  MHz  TM  i 


Displty:  No  vector  or  miss 
Malfunction/Eacage  Alarm:  None 
Kiss  Data*  None 


Development  Cost  Estimate  $  JT/a 

ESTTtATES 

Elapsed  Development  Tine  N/A  ‘  Months 

r:::i 

CCfl 

Production 

n/a 

Exceptions:  None 

Installation 

n/a 

Note:  Eliminated  a3  candidate  due  to  not 

Annual  Maintenance 

n/a 

being  capable  of  meeting  scoring 

Annual  Operation 

n/a 

radius  requirements  even  vith 

Annual  Spares 

n/a 

development. 

System  Life  Cycle  v/a  Tears 
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NOTES 


t*.  SFONIOHINO  MILITARY  ACTIVITY 

Navel  Training  Device  Center 
Orlendo,  Florida 


This  study  determined  the  technical  feasibility  end  optimum  design  analysis 
for  on  Armed  Aircraft  Queli  ficoti on  Fr.nge  Scoring  System  in  accordance  wit!. 
Concept  Forvulotion  outlined  in  AMCR  70-30  and  system  requirements  outlined 
in  a  Small  Development  Requirement  (SDR). 


After  en  intensive  review  and  one  lysis  of  the  SDR  Requirements  had  been 
corr.pl ••icG ,  o  detailed  investigation  was  conducted  of  oil  available  "OFF-TKR- 
SHLL?"  scoring  systems.  A  "Trode-Off"  analysis  was  made  of  the  characteristics 
of  each  of  these  systems  versus  the  requirements  outlined  for  the  optimum 
scorirg  system  developed  by  the  revised  SDR.  A  cost  effectiveness  effort  was 
co  .pie ted,  an  Operational  Specification  was  written,  and  a  Concept  Formulation 
Ropor  ,  was  prepared.  The  report  concluded  that  an  off-the-shelf  scoring  system 
using  acost’c  sensing  principles  be  further  developed  to  meet  the  functional 
renui  re  ’em  is  of  the  optimum  system  in  order  to  satisfy  armed  aircraft,  gunnery 
scoring  requirements  of  the  1970  to  1975  time  frame. 
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